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PLANNING AND ORGANIZATION

N.SJFe notified br. Perry McNeill, project director, that the requested
grant in continuing cducation had been funded starting in June, 1976, The
first order of business was to organize. Organization was to be followed by
planning, implementing the plan, and field testing concents and products.

The organizational structure was as follows:

Dr. Perry R. McNeill, Project Director

Dr. Russell L. leiserman, Co-Project Director

Dr. Richard W. Tinnell, Editor and Reviewer

Mr. .Jack Burson, Technical Specialist

Mr. Bob Lager, Technical Materials Developer

Mr. .James Shelton, Technical Specialist

Mr. Ken King, Technical Education Media Specialist
Secretarial support, as needed

Early duties of the staff were to contact industry and organize an
advisory council, review the literature to find reports of effective methods
employed in taking technical education off-campus, and to find and equip a
suitable mobile laboratory.

The staff used an ERIC search technique with everbroadening discriptors
in an attempt to find meaningful reports on successful techniques of taking
technical education off-campus. With highly sclective discriptors, no
reports in the literature were found. At the poirt where the discriptors
were broad cnough to yicld reports in the litcrature, the reports were too
gencral to be uscful to the project. ‘The project would bring into existance

somcething ncw.



The staff identified several mailing lists of appropriate industries
that should be made aware of the project. Materials were developed and sent
to 0000 individuals in industry. The materials were designed té gain informa-
tion concerning perceived needs for continuing education in electric power
and to identify those people willing to become directly involved in the
‘project in a meaningful way. The yield from the mail-out brought three
important results: (1) confirmation that an almost desparate need for
continuing education in electric power and associated technical areas existed,
(2) a list of fairly specific areas that needed the most immediate attention,
(3) identification of a few pcople from industry that were willing to partici-
pate in the project in a meaningful way.

A sclect group of industrial representatives were invited to an advisory
meeting held on campus November 18 and 19, 1976. Those in attendance besides
the project staff were:

From Industry

lI'red Adlam - 0il Industry

Noug Bursey - Rural Cooperative

Dick Culbertson - Federal REA Regional Enginecr

Bob Iilliot - Rural Cooperative

Charles llarvey - Urban and Industrial Utility
bon Howland - Municipal Power Company

lmment King - Rural Cooperative

Wayne Loafman - Rural Cooperative

Chuck Snowden - (lecavy Manufacturing

Kenneth Thomas - Power lLquipment Manufacturing

J. W. Whitficld - Power Lquipment Representative
W. Il. Wilson - Power Generation

iducational Material Specialist

Bill Kennedy - Safety and Job Training Specialist
A. D. Matlock - Industrial Training Specialist
Earl Smith - Industrial Training Curriculum Specialist

The Council members shared experiences, needs and information on available

resources.  Attention focused on identifying areas of greatest need and in
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detailing desirable content.  The following is o summary of their recommendations.

fndustrial lIind User Needs

There exists a need to up-grade those technical people in industry
responsible for keeping plants in operation on a day-to-day basis. This

training should cover:

A. Magnetic motor starters
B. Control relays
(. Reversing starters
D. Three-phase motors
. Applications of sensing devices such as:
1. Thermostats
2. Limit switches
3 LLiquid level indicators
IF. Yransformers and connections
. Interprctation of one-linc diagrams
1. How to read
2. llow to implement (Use breadboards)
Overview of principles of operation of all the above
Integrate National Electric Safety Code as material is covered
Instruments: selection and use as diagnostic tools
SCR as a control device
Use of capacitors for power factor correction
M. Voltage surge protection and protection device coordination

—_—
—
.

— e -
Coe e e

[t was felt by the industrial end users that the above material should
be dcveloped for at lecast two levels of presentati n. One level would be for
those working in the non-clectric field such as the oil industry and a more

advanced level for thosc now working in electric oriented industries.

Utility/Distribution Needs

Utility represcentatives identified two specific needs: one involving
a4 large number of people at each installation and more basic materials, and one

for highly technical material for few pcople at each installation.

Basic Needs
A visiting team or traveling lab scemed most appropriate for handling

basic needs for many cmployees at cach installation. It was recommended that



the material deal only with that part of the distribution system between the
sub-station and the end user. It was also recommended that this system be studied
at three levels of complexity:

A. Singlec-phasc systems

B. ‘Two-phasc systems

C. Threc-phase systems

llach of the above levels of complexity would cover the following topics:

A. Lines

B. Transformers and transformer sizing

C. [ILstimating user's load

D. Protective device use and coordination (include fault current)

l:.  National Electric Safety Code

I'. Usc¢ of instrumentation
This group felt that once these three levels of complexity were completed
with their employees, it would be bencficial for them to also receive the

instructioT outlined by the industrial end users.

Advanced Needs

The advanced needs primarily for engineers and system planners would
involve fewer peoplc at each installation and therefore should not include
4 visiting team or van. It was felt that continuing education for this
population would best be served through single subject, practical homestudy
materials being prepared and made available on a regular basis, with two or
three short, single subject workshops being held at a central location each
year,

The idea was advanced that this service could be supported on a sub-

scription basis, once developed and proven effective.
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Some of the typics listed that would be of immediate use to this population
were:

A. load studies

B. Customer complaints - how to handle

C. Surveying and staking lines

D. Load management and peak shaving

E. Voltage regulators

F. Power factor correction

G. Time of day metering

It.  Supervision and management

I. Developing good communication skills

J.  Evaluating bhids

K. iingineering economics

The Council discussed teaching techniques that could be used with on-
sight training. It was felt that a broad' use of audio-visual techniques
should be tried in determining a most effective delivery system. It was also
proposed that if highly structured programs could be produced, then instructors
could be found in industry rather than using university professors for these
courses. Most felt that this peer approach to developing teachers would

improve the chance of success of the Program.

03]
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During the planning and execution of the industrial advisory conference
the staff were also locating a suitable mobile laboratory. A Fruehauf trailer
was located through surplus properties and moved to campus. Preliminary
planning of the generalized mobile laboratory was also undertaken.

By January 1977, planning and organization were complete. Also a key
picce of hardware, the trailer, had been located, evaluated and moved to

campus.  The project was rcady for the implementation phase.

()



IMPLEMENTATION

After the advisory council meeting, several tasks became defined:

(1) where and how to begin to fill the multiplicity of need cited by the

advisory group?

viable for preparing structured presentations?

(2) What type audio-visual presentation would be most

(3) Finalization of mobile

laboratory specifications and then finding a way to rework the surplus

trailer into the defined facility,

These tasks were not delt with in a

serial fashion in real-time, but will be prescented in a serial fashion in

this report.

A detailed analysis was made of the needs expressed by the advisory

council,

It was determined that for the distributors of electric power an

extensive curriculum could be defined as shown below.

Implementation of the |

entire curriculum was beyond the scope of the project, but selected units

within the curriculum could be implemented to test the effectiveness of the

delivery system for taking this kind of education of f~campus.
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The development group felt that the '"Distribution System Overview" mcdule
should be the key module co develop and f{ZId test. However, it was realized
that this module would be instrumental in selling the whole concept and
thercfore it should reflect our most professional effort.

It was determined that the '"substations" module would be relatively
short and would include all the development problems that could be visualized.
Therefore, this unit was selcected for the inftial effort that would sharpen
development skills prior to attacking the "Distribution System Overview"
module.

A review of audio-visual techniques included analyzing the cost-
ctfectiveness of scveral systems, including: (1) video tape, (?) overhead
transparencics, (3) slide-tape, and (4) sound-on-slide presentations. Video
tipe was discarded because of cost, requirement for specialized technical
cquipment and operators during production, and the probable necessity for |
professional actors in the series. Overhead transparencies wers discarded
occause they tend to be dependent on the person making the presentation as
to pace and depth of coverage of particular topics. Slide-tape presentations
were sclected as probably the best final package since an abundance of this
type of cquipment is in general use, and pace, sequencc, and depth of coverage
could be controlled. For the develonment phase, the sound-on-slide system
was sclected.  This system appeared to offer distinct advantages in development
in that 35 mm slides could be quickly and inexpensively acquired by moderately
trained photographers and artist. The sound-on-slide presentation allowed
only 30 scconds of verbal presentation per slide which would lead to strong
editing of the voice script and probably improved the quality of presentation.

The sound-on-slide system also allowed an casy method of trying material in

ERIC -1
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different sequences since moving the slide and slide holder moved both the
visual and audio prescentations,

Once the unit to be developed was selected and the method of presentation
determined, work began on defining what the potential student should gain from
the cxperience. These objectives were then translated into pre and post-tests
to be administered during field testing to measure effectiveness of the
cxperience.,

The pre and post-tests tended to define the unit's content and emphasis.
Once module definition was accomplished, a story board was prepared to more
clearly define needed audio and visual information for the unit. The technical
specialists supecrvised the preparation of slides for the unit, then edited
and rc-edited the verbal component to meet the 30 second requirement imposed
by the system.

A prototypc of the unit was presented to the technical-editor and reviewer
representatives from the advisory council and other educational specialists. Their
review comments and suggestions were followed in producing a second prototype
unit for revicw,

After modest adjustment following the second review, work progressed in
producing the final unit. This work included using a professional voice
to record the verbal component and upgrading the quality of the slides. Once
the unit was considered finalized, a student text consisting of an expanded
story board of the unit was produced.

This finalized unit consisted of 76 sound-on-slide units, pre and post-

tests, a student text and a live tour of a substation as the laboratory unit.

This unit was rcady for ficld testing.

hed
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While the "Substation" module awaited an opportunity for field testing,
work began on the "Distribution System Overview" module. Techniques and
experience gained in producing the "Substation" module were applied to producing
the second module. However, a problem developed. The "Distribution System
Overview'" module would consist of several hundred slides and would require
several hours of viewing time. It was felt that student exposure to the same
voice using u descriptive mode of presentation would soon work against a
presentation of such length. Two strategies emerged to counter this problem:
(1) The use cf two voices in a discussion mode that would place the viewer in
the position of being an easedropper or member of a guided tour; (2) Breaking
the presentation into a series of sub modules to allow class discussion and/or
work on supporting investigations in the mobile laboratory. Subsequent review
sessions supported the use of these techniques for holding student interest.

Paralleling the development of the two audio-visual units for primary use
with clectric power distribution companies was an effort to pfoduce materials
of a more technical nature for seminar presentation. The unit developed for
this cffort is titled "Power Factor Improvement". The unit was developed,
reviewed and ficld tested before finalization. The seminar presentation using
a trained professional also made use of the mobile laboratory for the laboratory
portion of the presentation.

Whilc development of the instructional modules were underway, requirements
for the mobile luboratory werc refined and finalized. The problem was then to
bring o surplus trailer in rough condition up to the standards and expectations

of development staff at a reasonable cost. Initial interaction with commercial

1
Q <o
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businesses suggested that few would be willing to accept the project and that
the prices quoted by those who would consider the project were too high to be
considered.

A solution was found by ncgotiating with Oklahoma State Tech, a post-high
resident vocational school in Okmulgee, Oklahoma. It was determined that by
using the rework of the trailer as student projects and assignments in many
of the trade areas offered at Tech, the trailer could be reworked at a
reasonable cost to the project. Once negotiations were complete the truck
driver training department at the Area Vocational School in Drumright,
Oklahoma transported the trailer from 0.S.U. at Stillwater to Oklahoma State
Tech.

Work began on the trailer soon after it arrived at Oklahoma State Tech.
Delays in delivery of key items nceded to refurbish the trailer and foul
weather during the winter months delayed completion of the mobile laboratory
and resulted in the request for a six month project extension from N.S.F.

The trailer was finally completed and delivered to the 0.S.U. campus where
final preparations were completed during the spring of 1978 for field testing
the instructional modules and mobile laboratory. The whole delivery system

would be tested and modified during the summer months of 1978.

Pt
e
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FIELD TESTS AND LEVALUATIONS

Once the substation module was complete, the development group became
interested in ficld testing the unit prior to completing work on the "Introduction
to lLlectric Distribution'" module. 'The first actual testing of thc unit was
with students on campus enrolled in Llectrical Power Technology. On September
16, 1977 ten students were given a 20 question post-test. A total of 51
questions were missed on the pretest while only 11 questions were missed by
the c¢lass on the post-test. This group of students also made many excellent
suggestions regarding both the instructional module and testing program.

Their suggestions improved the final product.

The second testing of this module occurred on December 8, 1977 as part
of a lineman training program held at the Payne County Fairgrounds. The test
group was made up of 27 linemen from 13 rural electric cooperatives and
municipal clectric companies. The students ranged in experience from less
than one year in the field to several years of on-the-job service. The pretest--
presentation--substation tour--post-test format was followed and yielded the

following results:

Pretest Post-test
- Q% A o
Mean Score 45.9% 74.8%

These results coupled with the favorable comments of the student group
gave the devclopment group confidence that the direction of development was
corrcct and should be followed in subsequent modules being developed.

Work was completed on the "Introduction to Electric Distribution" module
and the trailer completely equipped in late May, 1978. Preliminary field

testing was arranged in Stillwater at the Municipal Building. Students were
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from the small municipal electric power company and from the traffic control
department. In addition to presenting the material to 5 students from the
city, a peer tcacher trainee was sent from lLindsay, Oklahoma to prepare

for presenting the program in Lindsay in August, 1978,

During the wcck of June 18, 1978 these five students were pretested,
given the several units of instruction, demonstrations, and laboratory work,
and then post-tested with the following results:

Pretest Post-test
Mcan Score 68. 8% 89.6%

These results were encouraging, and again the students offered positive
remarks concerning the quality and effectiveness of the module. It was
interesting to the developers that even though attendance was completely
voluntary, and the training was sprcad over three days--the student group
had 100% attendance.

The sccond field test was carried out on July 18, 1978 in Blackwell,
Oklahoma. We were asked to offer the program in one day rather tham-over an
cxtended period as in Stillwater. The reason given was that this was the
storm season and while men could be freed for one guiet day, there were no
guarantees for pecople being available for two or three days. This group
consisted of six students from the city of Blackwell municipal power company.
Again, pretesting and post-testing were accomplished, with the presentation
being forced into a morc intense mode of a one-day presentation.

Results were:

Pretest Post-test
Mean 62% 77%
Q 1.'

ERIC
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The third and final field test of the "Introduction to Electric Dis-
tribution' module was held in Lindsay, Oklahoma during the week ending August
18, 1978. During this field test, a large group of students (39) were usad
in the one-day presentation mode (13 students per day). In addition, the
peer teacher, Mr. Delmar Payne, trained earlier in Stillwater presented the
course.  0.5.U. project staff members observed, and assisted in only minimal
wiays. A sccond or new pretest, post-test was developed and presented to
part of the group to compare results to the previously used pretest, post-

test. The results were as follows:

Pretest (old), N = 19: mean 66.0%

Pretest (new), N = 20: mean = 66.06%
Post-test (old), N = 20: mean = 78.0%
Post-test (new), N = 19: mean = 78.5%

In summary, there was little difference noted in using the new tests as
compared to using the old or original tests. In every field test experience
the group being presented the material improved.

While this field testing was underway, the "Power Factor Improvement"
seminar materials had also undergone evaluation. In January, 1973, a seminar
was held in Tulsa for plant maintenance supervisors of large manufacturing

companies. Again the pretest-post-test technique was used with the following

results:
Pretest Post-test
Mean 41.2% 68.8%

These results also indicate that materials developed through the project

are cffective.

Qo . 4 v
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PUBLIC RELATIONS ACTIVITY

Public relations activities started soon after notification that the
project had been funded and has been maintained as an important aspect of
the project. Initial P.R. activities were coordinated with the search for
members to scrve on the advisory council. Six thousand members of the power
industry rcccived an announcement of the new program complete with goals of
the program and an offer to keep interested persons informed of the project
progress.

The advisory council was also part of the public relations program as
additional information was exchanged with members of industry. Council members
were asked for additional persons in industry to be contacted about the project.
Leads from this mecting led to two additional meetings, one in Oklahoma City
and a second in Tulsa. Both of these meetings were with representatives of
industrial plants with extensive in-house training programs and with representa-
tives of the oil industry.

It was discovered that the oil industry has an extensive rig-site training
need requiring materials similar to those that were implemented by the project.
This nced, however, is so vast that a separate proposal and project would be
required to attémpt to serve this industry.

Presentations were also made at three meetings of the Oklahoma Association
of Lilectric Coopecrative Engineers. Each presentation gave an update of
activities and generated support for the program.

A slide-tapc presentation was given at the regional meeting of the American
Socicty of Engincering Education in March, 1977 in Fayetteville, Arkansas.
Again, a great deal of interest was gencrated in the concept of a mobile

labordkory for off-campus usc.



17
|

During the course of the project, several presentations were made to the
Municipal Electric Utilities Association and the Oklahoma Association of Electric
Cooperatives. The latest presentation to these groups occurred in September,
1978, at both association's managers and supervisors meetings. This presenta-
tion included an exposure to the type of materials available and a tour of
the mobile laboratory.

Additional coverage of the project throughout Oklahoma was made as part
of a three-hour prescntation on energy conservation principles and solar basics
given at twenty locations across the state during June, 1977. These presenta-
tions were attended by an average of 25 individuals at each site. The
attendees included representatives of utilities, building contractors and
the general public.

A new up-dated slide-tape presentation was prepared and presented at the
American Society of Lngineering liducation (College/Industry Education Conference
held in San Diego, California, January, 1978. This presentation was followed
by a similar presentation at the Industrial and Technical Education Conference
sponsorced by McGraw-1ill Book Company and Wentworth Institute in Boston,
Massachusetts in March 1978,

A sinilar presentation and tour of the mobile laboratory was part of the
Industrial [valuation Workshop held at Oklahoma State University in May, 1978
and at the llectric Power Technology Curriculum Dissemination Workshop held
at Oklahoma State University in August, 1978.

In addition to the above activities, two other areas offered excellent
opportunity for public relations. 0.S.U. has a center for local government

that helps small municipalities deal with technical problems. Our development

ERIC
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group cooperated with the center in training some of their people, helping
them prepare technical ‘presentations and in furnishing copies of the project's
Information Booklet to interested participants.

The second area involves training Native Americans, informative materials
have been supplied to the Council of Energy Resources Tribes. They have
shown some interest in the mobile education concept for use at remote sites
on Indian Reservations.

Each of the above activities have informed our many publics of the continuing
education development activities at 0.S.U. The nunber of requests for more

detail information concerning the project led to the printing of the Informa-

tion Booklet.

ERIC - <
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RESULTS . CONCLUSTONS AND RECOMMENDATTONS

The results of field testing the material indicate an improvement in
each class's understanding of the material as indicated by pretesting and
post-testing. An educational consultant in behavieoral objectives helped
prepare a second set of pretests and post-tests to determine if the test
material was tied too closely to the material in the presentations.

The results of testing the revised pretest, post-test as compared to

the original set of tests indicates essentially the same improvement in class
understanding of the cducational materials. It is felt that the pretesting
and post-testing procedurc used, yield a valid measure of the effectiveness
of the materials developed and field tested.

The conclusions that the author draws from his experience with this project

arc as follows:

(1) nNighly structured audio visual materials can bé developed to meet
specific, defined nceds for continuing education in technical
subjects.

(2) Peecr tecachers can be used effectively with highly structured audio
visual materials with a minimum of teacher training,

(3) A mobile laboratory is an essential aspect of a worthwhile technical
continuing cducation cffort if any meaningful laboratory édmpaﬁént
is required at a remote site. It is also felt that the mobile
laboratory helps sell the program to industry.

(4) The project has been a success for establishing the three principles

outlined above. This success is further indicated by the activity
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the mobile laboratory is enjoying. It is currently in use off-campus
and is presently scheduled for eleven off-campus visits around the
state between January and June of 1979,
Recommendations for further technical continuing education effort also
come out the author's experience on this project and through interaction with
the project's many publics. Additional work in continuing education should be
funded in the following arecas:
(1) To develop materials for rig-site training of oil field personnel.
(2) To develop additional materials appropriate for the general pubiic
in ecnergy conservation practices for the homeowner and small business.
This material should include discussions of cost effectiveness, various
conservation strategies, and the use of alternate energy sources.
(3) Materials covering microcomputers. These materials should be developed
at both a basic--gcneral level to inform decision makers and at a
highly technical level for thosc that will be dealing with "smart"

controllers throughout industry.
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Preface

This booklet is intended as a brief information source
forthose persons interested in the continuing education
effort in electric power being developed at Oklahoma
State University. This booklet will attempt to inform the
reader of the scope, level, and potential of this continu-
ing education program. The reader can then judge how
this educational component may be utilized to meet his
particular educational needs.

The develcpment work on this continuing educa-
tion effort was supported through National Science
Foundation grant number SED 76-18811. Oklahoma
State University was awarded this grant based on a
proposal submitted to NSF and because of the success-
ful conclusion of a related on-campus curriculum project
to educate electric power technologists.

The proposal initiated at OSU was based on a need
expressed by Oklahoma industry. The actual proposal
included a number of letters from Oklahoma indus-
trialists citing the need to develop more off-campus
programs to help in technical personnel development in
a world of changing technology.

Oklahoma State University has traditionally worked
with Oklahoma industry through continuing education
courses in the following technologies: Business, Con-
struction, Design, Electronics, Health Physics, Mechan-
ical, Petroleum, Radiation, Safety and allied fields.
Present delivery systems include semester long credit
courses and special single topic seminars. Oklahoma
State University has also worked with industry in de-
veloping and establishing custom programs to meet
specific objectives of in-plant continuing education.
These have been offered in a variety of formats from
one day programs to complete degree programs span-
ning several years.




The goals of the electric power continuing educa-
tion pruject are to develop and test a method of effec-
tively offering technical education at off-campus loca-
 tions. A significant componentin this program is a travel-
ing laboratory. This laboratory allows on-site use of
educationally integrated laboratory work — the hallmark
of quality technical education.

The mobile lab is housed in a thirty-five foot semi-
trailer with complete environmental conditioning and
pleasant furnishings to aid the learning process. The
trailer can tow its own power supply so that it may be
used at sites without electric power available.

Several library literature searches were made to
discover the most effective delivery systems that have
been developed for off-campus technical education.
The searches revealed no meaningful studies or sys-
tems shown to be effective.

The development group at this point opted to de-
velop criteria-based instructional units using highly
structured piesentations to meet these established
criteria. The structuring was accomplished through the
use of sound-on-slide instruction units that are content
specific.

The effectiveness of these materials is to be mea-
sured through pre-testing and post-testing the partici-
pants during the field evaluation phase.

The units developed for the evaluation phase were
selected after an industrial advisory council meeting
where topic areas were identified and prioritized by
members of industry. Specific attention was directed
towards not duplicating any of the existing programs
already in use, such as the Oklahoma Job Training and
Safety program and the Oklahoma State Dept. of Voca-
tional and Technical Education's Power Line Techni-
cian's Training program.

Introduction




Planning was begun by forming an on-campus staff
and organizing an advisory council to supply ideas and
define needs. The on-campus staff consists of:

» Dr. Perry R. McNeill, Director
Plannlng Dr. Russell L. Heiserman, Associate Director
Mr. Robert Lager, Technical Specialist
Mr. Kenneth King, Materials Development
Secretarial support as required

In November, 1976, the advisory council was
formed and met for two days on the OSU campus. The
advisory council represented different aspects of Okla-
homa's electric power industry. The attendees at the
council meeting were:

Mr. Fred Adlam - Noble Drilling Corporation - Tulsa
Mr. Doug Bursey - People’s Electric Cooperative -
Ada

Mr. Dick Culbertson - Federal REA Regional Field
Engineer - Crescent

Mr. Bob Elliot - Caddo Electric Cooperative - Binger
Mr. Charles Harvey - Public Service Company - Tulsa
Mr. Don Howland - Duncan Power and Light - Dun-
can

Mr. Emmett King - Cotton Electric Cooperative - Wal-
ters

Mr. Wayne Loafman - Rural Electric Cooperative -
Lindsay

Mr. Chuck Snowden - Oklahoma Steel Castings -
Tulsa

Mr. Kenneth Thomas - Electric Specialties - Tulsa
Mr. J. W. Whitfield - General Electric Co. - Oklahoma
City :

Mr. W.H. Wilson - Grand River Dam Authority - Pryor

Note: Mr. Bill Kennedy is an informal member of the
development staff and member of the advisory coun-
cil. He helped coordinate the work of this group with
the Rural Electric Apprentice Training program to in-
sure that materials are a complementary rather than a
duplicating effort.

The advisory council quickly identified two specific
groups with a need for technical continuing education.

These were:
1. Technical maintenance people within industrial
plants.
2. Technical employees in service or utility com-
panies.

The advisory council also identified topic areas that
need attention.
It was agreed that the concept of a mobile labora-
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tory would lend strength to off-campus continuing edu-
cation as opposed to lecture only or lecture with demon-
stration, or make-do laboratory work methods.

The advisory group suggested that materials be
organized and structured to allow teaching by other than
university professionals. It was felt that in many cases a
local, respected supervisor could be more effective than
an unknown instructor. The advisory group felt that at-
tractive incentives should be developed, but that college
credit was not a particularly attractive incentive for most
of the students.

The development staff was further advised by the
council to keep aware of other developing programs,
such as the Lireman Apprentice program, so that mate-
rials would complement rather than duplicate other ef-
forts.

At the conclusion of the advisory conference, work
began on identifying the educational modules to be
developed and reviewing various delivery systems that
would allow easy assimilation of complex material. Also,
negotiatior:. began on getting the traveling trailer,
mobile laboratory reworked at Oklahoma State Univer-
sity School of Technical Training at Okmulgee.
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The materials development proceeded along defi-
nite lines by detailed evaluation of various delivery sys-
tems. The procedure was to:

(1) identify specific topics to be developed as mod-

Materials

(2) define objectives of each module.

Development (3) define criteria for determining if objectives had

been achieved.

(4) develop pre and post tests to measure effective-
ness of materials and aid in determining if objec-
tives had been achieved.

The objectives of each module define the contents
of the module and level of coverage. Topic sequencing
and redundancy of content was dictated by accepted
learning strategy and multiple review of each unit by
educational specialists.

In general, each distribution electrical component
is introduced with a picture of a typical unit. It is then
shown in symbolic form and lastly shown symbolically in
a typical location on a system. One line diagrams are
introduced as the material requires their use.

It was felt that an overview of a complete distribu-
tion system from substation to load would be worthwhile
to emphasize how components and sub-systems make
up the network. Since this overview could become tedi-
ous, it was decided to use a female voice in dialogue to
make the material more interesting. The viewer is thus
eavesdropping on a conversation between two people
touring and discussing the complete system. Reviews
indicate that this device has achievedthe desired effect.
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The Distribution Substation is typical of the units
that could be developed from the major elements of
study in an overall distribution system. The unit covers
the essential functions of a substation, the non-
essential functions and those functions often physically
located in a substation yard without actually being part
of the distribution substation.

The Distribution Substation unit begins with a pre-
test for students, a student text and several trays of
sound-on-slides. Following the sound-on-slide pre-
sentation is the laboratory exercise. For the Distribution
Substation unit, this consists of a guided tour through a
real distribution substation. The goal of this tour is to
show the students that the pieces that make up a sub-
station are actually organized in a specific way to per-
form certain desired jobs.

After the lab exercise, the students are given a
post-test to evaluate the immediate effectiveness of the
unit.

All through the unit, emphasis is placed on function,
organization and relation of actual components to sym-
bols in a one-line diagram. Care has been taken to
insure that the familiar aspects of a substation that may
be part of the student's background are used to bridge
from the physical to the symbolic as represented by
one-line presentations. In this way, the unit comple-
ments other training efforts that the student has been
through.
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The need for a traveling laboratory was recognized
by the Industrial Advisory Council and the OSU de-
velopmert group was encouraged to develop this
unigue training component. “Hands-on' is the neces-
sary ingredient often missing from off-campus continu-
ing education in technical subjects.

The trailer obtained was a 35-foot surplus unit in
less than desirable shape. The students and staff at
OSU School of Technical Training at Okmulgee under-
took the difficult task of transforming the ugly duckling
into a first class educational tool. The results were as-
tounding.

The unit can accommodate from twelve to sixteen
students at two-man lab stations in attractive aircon-
ditioned or heated space. Lighting in the trailer has been
devised to give a broad range of lighting levels as re-
quired.

The trailer electrical system is 208Y/120 volts with
amaximum capacity of 100 amps and can be monitored
to become part of the laboratory experience in demon-
strating the relationship between volts, amps, watts and
VAR's. Power Factor Improvement can also be demon-
strated using the trailer's actual electric system.

Ideally the trailer can connect to existing electric
service when at remote sites. However, to insure that
this feature does not limit the application of the mobile
laboratory, a portable diesel generator is being acquired
that can be towed to remote sites and furnish the power
required.

Traveling
Laboratory



On The Road

The mobile laboratory and two units of instruction
are in the field-test phase. This important period of
development determines how well the instructional
components work together to get results. It also deter-
mines how this form of education is accepted by stu-
dents in the field. All costs to students and employers
are absorbed by the project during the field-test phase.
After the testing phase, costs for the service will be
charged to users on a break-even basis.

It is important that Oklahoma industry support the
concept of making the state our campus. Continuing
education will become an increasingly important form of
education as technology makes rapid changes and
energy becomes a managed resource.

Oklahoma State University will be better able to
supply educational assistance to Oklahoma Industry if
close cooperation is maintained and expenses shared
to develop needed programs. This close cooperation is
a significant challenge to both industry and education as
Oklahoma accelerates its development during the last
two decades of this century.
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Distribution Lines

|0 N . The substation is usually considered the beginning of
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the distribution system.

The substation ties the transmission system from which
T D the power company obtains bulk power to the distribu-
2 < g tion lines that spread the power to the consumers.
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A substation performs several functions to fulfill its pur-
. . pose as a link between the transmission system and the
Three Essential Functions distribution system. The essential functions in providing
this link are: voltage change, disconnecting the station
1. Voltage Change from the transmission system, and protecting the sta-

. . tion from the distribution system.
2. Disconnect Station .

3. Protection From Distribrti~
System




In this substation, the equipment that performs these
functions can be seen: the disconnect switch that is
used to de-energize the station when necessary, the
transformer that provides the change i voltage, and the
reclosers that protect the station from the distribution
system.

Each of these pole lines leaving the substation carries a
complete distribution circuit.

The circuits leaving the substation are three-phase cir-
cuits. There are three wires supplying power and one
returning it, instead of only one supply wire and one
return wire as in single-phase circuits in houses.

Some of the characteristics of three-phase power are
pretty complex, so for right now think of that three-phase
line as three separate single-phase lines, but all sharing
a common return wire. The comrnon return wire is
mounted on the side of the pole by itself and is called the
neutral. It is electrically connected to the white return
wires in housing wiring.

Three Phase
Distribution

3 Supply Wires

1 Return Wire

Single Phase
House Wiring

1 Supply Wire

And j:

1 Return Wire




Most Residential Customers Are
Single Phase Customers

SO

2 Wires 4 Wires

Single Phase Three Phase
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With very rare exceptions, all residential customers are
single-phase. However, there are advantages to a
three-phase power system over a single-phase system.
These advantages have to do with the construction and
operation of electric motors and the economics of
transmission over long distances.

Most distribution lines are single-phase taps from the
three-phase feaders, or circuits. These taps consist of
one of the three supply wires from the main feeder and
the neutral.

Itis generally easier to learn about distribution systems
by ignoring the three-phase parts until later, and con-
centrating on the single-phase relations, since there are
only half as many wires to worry about.



Probably the most obvious items that go into a distribu-
tion system are the poles, conductors, and other
hardware. It might seem that it's easy enough to stick a
bunch of poles in the ground and drape some wire over
them, but a well designed and built line has a great deal
more thought put into it than that.

For example, the proper size wire must be chosen. Not
only does the wire have to be big enough to carry
today’s load economically, it has to be big enough to
allow for some growth. Whether to build a line with lots of
room for growth, or build one with only a little room for
growth and plan on building more lines later, is one of
the decisions the engineer must make.

Of course, the wire size chosen affects the entire
mechanical design of the line, including span lengths,
pole size, guying and anchoring, conductor hardware,
and crossarm size. The terrain has a big effect on all
these things, too!

*4 ACSR 336 MCM ACSR
Wire End
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In addition, the engineer must consider the electrical
design of aline and the economics of various designs as
well as the mechanical aspect. So even before a line is
built, a lot of planning goes into it.

Fuses

This pole has a single-phase tap from the three-phase
main line. Notice the device on the crossarm near the
insulator at the left end of the arm. That is a cutout,
which is nothing more than a fuseholder. When too
much current flows through the fuse, it gets hot and
melts the link, thus opening the circuit.

The type of cutout used here is called an open cutout,
since all the parts are out in the open. The small tube,
supported by the two metal arms, is the fuseholder or
fuse barrel and holds a replaceable fuse link. When too
much current flows through the fuse, it melts the link
inside the fuseholder, which produces an electric arc
and heat. The heat boils off some of the iube material
and helps snuff out the arc.



The barrel is spring loaded, so that after the fuse melts,
the barrel swings down and hangs from the lower arm.
That indicates the fuse has blown.

Lots of electrical equipment is fused, including power
systems. If there is a fault—a short circuit—on that tap,
then that fuse should blow and disconnect the tap from
the main line before any damage is done to any part of
the system, or before another fuse or breaker some-
where else opens. This keeps the number of consumers
without power down to a minimum.

It also makes finding the cause of the problem much
easier, since it has got to be on the portion of the line that
is off. This saves a lot of time that would otherwise be
spent looking at miles of line trying to find the trouble,
and that can make a lot of difference to a lineman on a
trouble call on a cold, rainy night.

FUSES ARE USED:

In Industrial Equipment
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Reclosers

An oil circuit recloser is an important device used on
distribution systems. It is often referred to simply as a
recloser or by its abbreviation, OCR.

A recloser is used to protect the system against short
circuits ~n the lines, muck: like a circuit breaker in the
electric..: panel in a house. It disconnects power from a
line when a short circuit, or fault, is on it.

About 70% to 80% of all the faults on a distribution
system are temporary. Once they're gone, or cleared,
theline can bereconnected. The OCR is able to do this.

[
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If the fault is still on the line when the recloser turns the
power back on, the recloser will open the line again, wait
a short time, and try to again turn the power on, or
re-energize, the line. After a limited number of tries, the
recloser will not re-energize the line, but it Jocks out.
This leaves the line dead. A fault that causes a recloser
to lock out is a permanent fault.

Fuses and OCR's are used together on a distribution
system.

Assume a three-phase line with recloser protection on
each phase and a long single phase tap connected to it
as shown.

The fault és still
lkece. . Better stut
Wlop pecmarentty.
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|UJ]DCR ON EACH PHASE

|3 PHASE
FEEDER

SINGLE PHASE TAP
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Now suppose a permanent fault happens at the end of
the single-phase line. The recloser will sense it and
open the line. It will then try to re-energize the line
severaltimes. Since the faultis permanent, the OCR will
leave the line open after its last try.

Now put a fuse in the single-phase tap where it connects
to the main line.

If a fault occurs at the end of the single-phase line, the
fuse will blow on the recloser's last attempt to re-
energize the line. Of course, this only happens if the
right size fuse is used. Picking fuse sizes is another job
for the engineer.

The blown fuse isolates the piece of faulted line from the
OCR. The OCR is then able to successfully re-energize
the remaining line. The counter inside the OCR then
resets, making it ready for the next fault.



By using fuses with OCR's the amount of line that is
de-energized because of a fault is much less than the
amount that would be de-energized if only OCR's were
used.

Reclosers, like all electrical equipment, have ratings.
One important rating is the coil size. This is the continu-
ous load current the recloser can carry without causing
operating difficulty. It generally is stenciled on the OCR
tank. Sizes range from a few amps to several hundred
amps.

The fault current has to be at least twice the coil rating
for the recloser to operate. A 50 amp recloser, for exam-
ple, will not operate on a fault unless the fault current is
slieegst 100 amps. This is called the minimum trip point.

The other important current rating is the interrupting
rating. This is the amount of current the OCR contacts
can safely interrupt without damaging the OCR. For
some smaller types, this is 25 times the coil size rating.
In larger OCR's there is no direct relation between the
interrupting rating and coil size rating. When a recloser
isinstalled, the highest fault current that recloser will see
at that location must be less than its interrupting rating.

L“,OCF'I ON EACH PHASE ISOLATED FAULT

TR ALLOWS AFFECTED
3 PHALSE

{3 st OCR TO RESET

— X

OPEN

PosE FAULT
FAULT IS ISOLATED
FROM FEEDER BY

OPEN FUSE

RECLOSER RATINGS

COIL SIZE

RATING OF FULL

LOAD CURRENT
CAPACITY

RECLOSER RATINGS
COIL SIZE

RECLOSER WILL NOT OPERATE
UNLESS FAULT CURRENT IS
TWICE COIL RATING. IT TAKES
A 100 AMP FAULT TO TRIP

A 50AMP OCR. '

RECLOSER RATINGS

INTERRUPTING RATING

MAXIMUM FAULT CURRENT
THAT THE OCR CAN INTERRUPT
WITHOUT DAMAGE. IS AT
LEAST 25 TIMES COIL SIZE
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RECLOSER RATINGS
INTERRUPTING RATING VS COIL SIZE

LARGE ENOUGH
OCR TO INTERRUPT
THE LARGEST
POSSIBLE FAULT
AT ITS LOCATION.

SMALL ENOUGH
OCR TO SENSE
THE SMALLEST
POSSIBLE FAULT
AT THE END OF
THE PROTECTED AREA.

RECLOSER RATINGS

VOLTAGE

!. OPERATING VOLTAGE
2. BIL VOLTAGE

A RECLOSER MAY BE USED
ON ANY SYSTEM OPERATING AT
OR BELOW ITS RATED
OPERATING VOLTAGE

FAULT CURRENT
VARIES

WITH MANY
CONDITIONS.

The recloser coil has to carry the load current, without
thinking it sees a fault and operating. False tripping
occurs when arecloser trips and there isn't a fault on the
line. Also, the coil size must be small enough that the
recloser can detect the smallest possible fault on the
portion of the line it's supposed to protect.

Obviously, a recloser must withstand the operating vol-
tage and the surge voltages on the systems. Reclosers
have both an operating voltage rating and a basic im-
pulse insulation level rating, abbreviated as BIL. BIL is a
rating of surge voltage insulation inside the recloser.

While the various current ratings are the ratings that are
most often of concern, the voltage ratings are important,
too. If an OCR is used on a system with voltages higher
than its ratings, it's sure to cause problems— the worst
of whichis having the recloser explode. For example, an
OCR which is rated for 14,400 volts can be used on a
7200 volt system because the recloser voltage rating is
higher than the system voltage.

The highest and lowest possible fault currents at any
point on the system can be calculated. The recloser
doesn't always see the same size fault since the size of
the fault depends on a number of conditions. One of
these conditions is the type of fault.



With several wires making up a power line, there are
many ways in which they can be involved in faults. For TYPES OF FAULTS .
example, if the phase conductor on a single-phase line A LINE 10 N \\\*):;y\
breaks and falls on the ground, that produces a line-to- '\\g NO-—
ground fault. If a tornado wraps all the wires on a three- <o) ,C'Q A\
phase line together, that produces a three-phase fault. be WS
In each case, the amount of fault current that flows is THREE
different. N__PHASE ¢
\\“\%\\“
LINE TO GROUND QOO
-—s—w\a—“——u—-—-«m\_“_ﬁ —_—
GROUND
Other important factors that influence the amount of
fault current are the wire size used in the line and the WIRE SIZE AND DISTANCE
distance from the substation to the fault. Other things 48
that affect fault currents include the number of 25 MILES
generators running at any particular time, and the way #6 ? 20 MILES
. . N . 4
the transmission system is being operated. 7; ) 15 MILES
o
#1/0 10 MILES
#4/0 5 MILES
336 MCM

The engineer calculates the possible values of fault
current at many points on the system, taking into ac-
count all these factors. Then he decides where to put the
reclosers. Sometimes these locations aren't too practi-
cal. From an operating standpoint, locations that are
easy to get to are best, so a truck could be backed up to
the pole even in bad weather.

-7 13




SWITCHES ARE USED
WITH FUSES AND RECLOSERS

TO MAKE
TROUBLE-SHOOTING EASIER

Line Switches

In conjunction with reclosers and fuses, various kinds of
switches are used in the distribution system. Switches
make it easy to connect and disconnect lines. This
makes trouble-shooting line problems easier, since the
line can be isolated in short sections.

The simplest switch is a hot line clamp. ltis designed to
carry low currents, usually 10 amps or less. It is very
useful as a connector for distribution transformers.

Hot line clamps cause line trouble when they are mis-
used. Often, they are misused on high capacity lines to
make jumper connections. Hot line clamps make cheap
switches, but connectors or line switches designed for
these high currents should be used instead. This also
applies to regulators and reclosers used in these heavy
lines.



Q

The area of contact between the hot line clamp and the
wire is small and can't carry much current without over-
heating. This is why hot line clamps don't work well at
higher currents. Inside this clampis a small, shiny stripe.
This is the only area in which the wire and clamp actually
had contact to conduct current.

Corrosion sometimes occurs between a nhot line clamp
and the wire it's clamped on, particularly if the two
metals are different. Making sure the clamp is tightly
installed redauces this problem.

Loose hot line clamps can also cause radio noise. Since
the power system acts as a big antenna, radios can pick

up this noise for miles. It is very difficult to locate the
source of such noise.

ERIC
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Like any switch, a hot line clamp draws an arc when
connected or disconnected. This arc can damage the
line conductor.

To prevent arcing damage, a set of armor rods are
wrapped around the conductor. Armor rods are nor-
mally used for mechanical protection at line insulators,
but can be used to make a place to connect a hot line
clamp. When the hot line clamp is pla~ed on the armor
rods, all the arcing damage then occurs to the rods, so
the line conductor is not weakened by the arcing.

Another way to prevent damage to line conauctors is to
use a basket for the hot line clamp to connect to. A
basket is a loop of wire attached to the conductor.
Sometimes, at the end of a line, the wire end is folded
back on itself to make the basket.



Another type of basket used on aluminum conductors is
made of aluminum rod and bolts on the conductor.

This hot line clamp should be connected to the basket
instead of the main conductor.

Cutouts can be used as switches, either with the regular
fuse barrel and fuse link installed or with a solid blade.
They generally are not load-break railed. Load-break
means that the switch can be opened while current is
flowing thiough it, and non-load-break means that the
switch shouldn't be opened v+hile current is flowing
through it.

Q . T~ 17
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This in-line tension switch is essentially a single-phase
switch, althoughiitis often used in threes on three-phase
lines. These switches are easier to install it an existing
line than switches on crossarms because they don't
require rebuilding the pole tog. They are operated with
hot linetools. It's important to install these near the pole;
otherwise, it's hard for the linema. to reach them. The
further from the pole they are, the more they bouice
around in the wind.

These are single-phase switches which are designadto
be pole mounted. They are more expensive than the
in-line type, and require a more expensive pole top
structure, but are easier to work and are heavier duty.
Both load-break and non-load-break models are avail-
able. This particular switch is a load-break switch. The
white ears on the right end of the switch help put out the
arc caused by switching heavy load currents.

Another common switch is a three-phase ganged-air-
break switch. Generally, these are manually operated,
although some are motorized. If these switches are
used to switch line carrying normal load current, .a
load-break rated switch is necessary. Some uses of
these switches inay not require the load-break rating,
particularly if an established standard operatir J proce-
dure is always followed.

o |
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E'sen though switching procedures can be established
that ne\ er require these switches to interrupt load cur-

rent, some utilit' 2s always use load-break switches as a LOAD BREAK VS NON-LOADBREAK
safety precaution. Ther, if the switching procedure is
not foliowed for s me reason, interrupting the load with COST MORE CHEAPER

a load-bre ak rated switch wi'' not cause damage to the

switch or create = dangerous situation for the lineman. LESS CHANCGE REQUIRE SPECIFIC

FOR ERROR SWITCHING
PROCEDURE

If necessary, OCR's can be operated marually as
switches. The handle on the side allows manual opera-
tion as well as showinj whether the OCR is opened or
closed. :

The oii switch is similar to an OCR in that its contacts are
under oil, and the handle used to uperai. ine contacts is
similar. The contacts are load-break rated, but they are
not designed for fault current interruption. The
mechanism is operated either by a mechanical linkage,
as in this case, or by an electric motor.
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4.

How A Distribution Closs
Arrester Works

Cn
<y

Oil switches were designed to switch capacitors. In this
case, the oil switch is operated by an electric motor,
which is inside a square box on the side of the switch.
Capacitor switching is severe duty for any switch. It's
much easier to switch capacitors if the switch contacts
are under oil rather than in open air. An arc in oil goes
out much easier than cne in air.

A special kind of switch is the bypass switch, which is
used mostly to bypass voltage regulators to remove
them from service for maintenance or repair. A bypass
switch replaces three ordinary switches. It has the ad-
vantage of operating its three component switches in
the proper sequence to bypass a piece of equipment
without an outage. It eliminates possible human error
that can occur when three separate switches are used.

Lightning Arresters

A small but very important piece of equipment is the
lightning arrester. Its job is to control surge voltages on
the line, whether caused by lightning or other system
disturbances. Properly used, arresters prevent damage
to transformers and other equipment.



The thing that looks like an extra long insulator on the

side of the pole is a lightning arrester. It looks simple, but
its internal operation is complex.

Basically, it's a spark gap that arcs over when the vol-
tage applied to it gets too high. Holding a spark plug wire
near the block of an engine to see if it produces a spark
is an example of a spark gap arcing over.

When a spark gap fires from lightning, it sets up a path
for electricity to follow. The 6G cycle power flows across
the ‘gap along with the lightning. The lightning is only
momentary and soon goes away, but the power current

keeps flowing. This is a shor* circuit and is called power
follow current.

Spark Gap

Power
Foilow
Cuzrent
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Power Follow Current
Can Blow The Fuse

Spark Gap

PLUS
Spark Gap

Variable
Resistance
Valve Blocks

NOT ENOUGH GIVES 600D
PROTECTION PROTECTION

Remember, a fuse is supposed to blow if there's a short
circuit on a fused line. So even though a simple spark
gap can be used to protect equipment, it can't be used
when there are fuses on the system. Each time a spark
gap fired, the fuse on that line would blow and cause an..
outage.

The important thing to remember is that a spark gap
alone won't do an adequate job of protecting against
lightning. To make it work better, valve blocks are
added in line with the spark gap.

Here is a disassembled lightning arrester. The black
pieces are the valve blocks and are in line with the white
discs, which are spark gaps. The valve blocks let high
voltage surges pass easily through the arrester to
ground. Then these valve blocks react to the lower
voltage of the power follow current by reducing the
power follow current to a low level so that the spark gaps
can interrupt it.

Lightning arresters do occasionally fail. When they fail,
they usually short circuit. This either blows a fuse, caus-
ing an outage, or the arrester blows up.



Basically there are two ways to prevent a failed arrester
from causing an outage. One way is to put a second,
external air gap between the arrester and the line. Un-
fortunately, it takes a higher surge voltage to fire the
arrester and gap combination than it would to fire an
arrester alone. The gap and arrester combination pro-
vides less protection than the arrester alone.

Once the external gapfires, the arrester works the same
as one without the external gap. But, if the arrester has
failed, a recloser or fuse must operate to make the arcin
the external gap go out. Since the failed arrester is not
causing any obvious problems, no one goes out to
replace it. It probably couldn’'t be found anyway, since
there is no visual indication that the arrester has failed.

Even though it takes a higher surge voltage to fire an
externally gapped arrester, it still provides basic protec-
tion to line transformers. The arrester must te mounted
close to the transformer, either on the same pole or on
the transformer tank.

T

el

.
3

/ \{il

‘vql

\

Higher Firing Voltage
Means Less Protection

Both Types Work The
Same Way After Firing
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SPECIFIED
GAP DISTANCE

— || —
Proper Gap

The external gap only provides protection when prop-
erly set. Too small a gap leads to radio noise. It can aiso
cause the arrester to operate faisely when there is no
lightning. Too big a gap raises the firing voltage so high
that the arrester doesn’t provide any protection.

Setting the gap properly is something which can't be
emphasized enough Make sure that the gapis setright.
Make a feeler gauge from a piece of wood, or use a
ruler, but don't gues ! The gap should be set after the
arresteris in place onthe line. This is to prevent acciden-
tally changing the gap setting by knocking the arrester
around durin~ installation.

This arrester uses the second method to disconnect
itself from the line if it should fail. On the bottom of the
arrester is a ground lead isolator. There is a small
explosive charge built into the base of the arrester.



Normally, this explosive charge has no effect on the
arrester. If the arrester fails due to short circuiting, the
current flowing through it builds up enough heat so that
the explosive fires. This blows off the bottom terminal.
Since the ground lead can be seen dangling in the air, it
is easy to find a failed arrester of this type.

One characteristic of wire is inductance. Because of
inductance, lightning arrester leads do not pass surges
well. Itis necessary to keep the leads as short as possi-
ble to minimize the effects of inductance. This helps the
arrester do its job properly.

The inductance of the wire lead adds about 2000 volts,
or 2 KV per foot of wire to the spark-over voltage of the
arrester. The spark-over value must be kept as low as
possible to provide maximum protection.

One Characteristic Of
Wire Is Inductance

Wroa/
Don't CHANGE

, Current
_f\_ Pulse
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Aruitoxt provided by Eic:

SPECIFIED
GAP DISTANCE
— || —
Proper Gap

Short Leads

Here's a good example of how not to install arresters.
Coiling the lead wire adds to the inductance. Coiled
leads are often ten times longer than they need to be.
This really reduces the effectiveness of the arresters.

Arresters have to bhe installed correctly, especially the
ones with external gaps, before they can do their impor-
tant job of protecting the distribution system from light-
ning and voltage surges.

Transformers

The distribution transformer is probably the most widely
used equipment item on a distribution system. Distribu-
tion transformers are used to change the high level
distribution voltage to the voltage level used by the
consumer. This is a typical three wire service used to
supply single-phase consumers.

€2



It would seem that two transformers are needed to do —
that, but it can be done with one. A nifty trick is used to
avoid using two transformers which saves money.

TWO TRANSFORMERS
TO SUPPLY TWO
VOLTAGES

The secondary side of the transformer looks like this.

Don't worry about the primary side for now. If the proper A
transformer is used, 240 v can be measured across the
secondary terminals, which are connected to the ends

240

of the secondary winding.

TRANSFORMER SECONDARY

VOLTS

If a third wire is connected in the middle of the winding,

240 v can still be measured across the ends of the * A
winding. 3
240 VOLTS
?
Y Y

TRANSFORMER SECONDARY

In addition, 120 v can be measured from the center wire

to the upper end and also from the center wire to the T A
bottom wire. 120V
240 VOLTS
| 12€v #

TRANSFORMER SECONDARY

p
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Notice that when the tranz*2r:;.er coil is tapped at the
halfway point, half the voltagz can be measured each
TH ALFT 4 way from the center tap to tre ends.
T TOTAL HALF THE
=< VOLTAGE WINDING
= LENGTH
235 HALF
> HALF THE
] VOLTAGE { WINDING
LENGTH
The vast majority of distribution transformers are
50% center-:apped which means tapped in the middle. A few
86.6% are not tapped in the center of the winding. These are
designed for special connections.
50%
13.4%%
NORMAL SPECIAL
TRANSFORMER  TRANSFORMER
IF IN DOUBT-
HAVE IT CHECKED!

In addition to the secondary winding, there is a primary
winding. The two windings are linked by a magnetic core
made of iron, which is called the transformer core. The
primary and secondary are not normally connected to

s each other within the transformer.
<
i
PRIMARY SECONDARY
WINDING IRON CORE WINOING
In a distribution transformer, the primary winding has
PRIMARY SECONDARY many turns of wire, but the secondary has considerably
é fewer. :
MANY TURNS FEW TURNS




If the turns are counted on both windings and the
number of primary turns is divided by the number of

secondary turns, the turns ratio is obtained.

Theturnsratio is exactly the same as the voltage ratio of
the transformer. The voltage ratio is the primary voltage
divided by the secondary voltage. In this example, the
voltage ratio is 7200 v divided by 120v, or 60. This is the

same as the turns ratio.

The current flow is different on each side of the trans-
former, just as the voltage is different, except the cur-
rents are related to each other in the opposite way
voltages are related. The primary side is connected tc
the high voltage distribution system. It operates at high

voltage, but draws low current.

On the secondary side, the voltage is much lower, but
the current makes up for that by being much higher (low

voltage, high current).

NUMBER OF TURNS

IN PRIMARY
TURNS _

RATIO

NUMBER OF TURNS
IN SECONDARY

TURNS RATIO = VOLTAGE RATIO

7700 120
VOLTS VOLTS
6000 TURNS 100 TURNS
6000 TURNS
TURNS RATIO —W—GU
. 1200V
VOLTAGE RATIO 70V 60

SMALL

CURRENT /
@Y

VOLTAGE

HIGH
CURRENT
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KVA
— N

A
Q=

KVA = VOLTAGE X CURRENT

KVA —

VOLTAGE X CURRENT

WHY USE:
69,000 v 4800 V 161 KV
14.400 V
345 KV 138 KV
7200 V
WHY NOT JUST:
120V

| cant carry

The size of a transformer is rated in KVA. This is the
rated voltage times the maximum rated current. The
voltage is measured in KV or kilovolts, which is
thousands of volts. 7200 v, for example, is 7.2 kilovolts.
A transformer rated for 10,000 vor 10 KV and 10 amps
can handle 10 KV x 10 amps, or 100 KVA.

It the primary voltage in kilovolts is multiplied by the
primary current in amps, the product is the KVA going
into the transformer. If the secondary voltage in kilovolts
is muitiplied by the secondary current in amps, the
product is the KVA coming out of the transformer. Both
of these are the same—the KVA going in equals the
KVA coming out.

There are many reasons for using voltages higher than
120 v or 240 v for power systems.

Using only 120 v would eliminate the transformers, but
the power system would have to be huilt with huge wires
to transmit the power required by the consumers.



There would also be problems if only high voltage was
used in the system and in buildings. Suppose 7200 v
was used for house wiring. Each insulated conductor
would be about an inch ir: diameter. It would cost 15 to
20 times as much as the wire used for 120 v wiring. It
would ce:t a lot more to install, too. since it's harder to
handle.

Connections couldn't be made by sirnply stripping back
the insulatior: and clamping the bare wire under a screw.
Special terminators designed tc prevent electrical
stresses from damaging the insul .tion wou!d have to be
used.

Wall plugs and switches would be monstrous affairs and
hard to operate. The total cost to wire such a house
could easily be half the cost of the house. High voltage
building wiring is an impossibility from both a conveni-
ence and economic viewpoint.

Using high voltages for transmission ana distribution
and low voltages for building wiring, makes sense eco-
nomically, even thougn many, rnany transformers are
used.

POWER TRANSMISSION

HIGH OLTAGE LOW VOLTAGE
LOW CURRENT HIGH CURREMNT
REASONABLY IMPOSSIBLY
SIZED WIRES LARGE WIRES
MANY NO
TRANSFORMERS TRANSFORMERS

™
-
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AUTOTRANSFORMERS

AOVANTAGES
1. LOWER COS¥
2. LOWER LOSSES
3. LOWER WEIGHT

OISAOVANTAGES

1. LACK OF ISOLATION
BETWEEN CIRCUITS

2. LESS FAULT CURRENT
WITHSTAND ABILITY

]
TWO WINDING .
TRANSEORMER  AUTOTRANSFORMER
14400V 14400V
— |— —>
7200V 7200V

SAME FUNCTION
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Autotransformers

An autotransformer is another device that is often found
on systems that use more than one operating voltage or
are cc werting their distribution voltage from one vol-
tage to another.

Autotransformers have several advantages and disad-
vantages when compared to conventional two winding
transformers. Advantages of the autotransformer in-
clude lower initial cost, lower losses, and lower weight.
Disadvantages are: no electrical isolation between pri-
mary and secondary, and a higher susceptibility to
damage from fault currents.

The autotransformer does the same thing as a regular
transformer—it provides a voltage change from one
sideto the other. l.ike a regular two winding transformer,
the KVA flowing in equals the KVA flowing out.



An example will be used to com, . re an autotransformer
and a «wo \ indin~ transformer from the standpoint of
coil cizes needed to build each of them. As an example a
500 KVA autotr...isformer is connected as a 7200 v, to
14,400 v step-up transformer. A step-up transformer
produces a higher voltage at its secondary terminals
than is applied at its prim¢ r  terminals. In this example,
7200 volts is stepped up to 14,400 volts.

The autntransformer has two coils iust as the two wind-
ing transformer does, but they are wired up differently.
One coil is connected across the line, and is called the
shunt ¢.2il. The other coil is connected in line between
the primary and sccondary terminals and is called the
series coil.

Redrawing *he autotransforiner with the series coil
stacked on top of the snunt coil ~akes it easier to
visualize the voltz Je relationships. There is 7.2 KV
applied to the connections *n the left, and 114 KV
comes out of the conrections on the right. The series
coil nas 7.2 KV across it alone, whici. appears becaus”
ot the transformer coupling action between the two
coils. This 7.2 KV is added to the input 7.2 KV, to give
14.4 KV on the output.

The shunt and series coils only need to be rated at 250
KVA each. Each coil only carries one half of the input
current and has only half of the full 14.4 KV output
voltage across it. So neither coil carries the full tran-
former rating of 500 KVA. On the other hand, in the two
winding transformer, the coils each carry the full current
and voltage for their respective sides, so each coil must
be able to handle 500 KVA.

COMPARISON

TWO WINDING
VERSUS
AUTOTRANSFORMER
14400V

— [—
7200V

SHUNT
coiL—->

RCSERIES COIL
AUTOTRANSFORMER

50u 500
K'/A KVA

500 KVA 500 KVA
AUTOTRANSFORMER TWO WINOING
TRANSFORMER
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I T

STEP_UP STEP—DOWN

140K VA
COILS

7200V 10800V

1115 RATIO

250K VA 333KVA

CoILS COILS
- 14400V 21630V
7200
v 2200V
112 RATIO 1:3 RATIO
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An autotransformer can be used either as a step-up or
as a step-down transformer. just as a two winding trans-
former can. However, with larger turns ratios, the eco-
nomic advantage of using an autotransformer de-
creases.,

As an example, here are several autotransformers, all
with a 7.2 KV primary, and all with a 500 KVA rating.
Notice that at the higher turns ratios, the individual coil
ratings are higher too. As a result a 1:3 (or 3:1) turns
ratio is about the highest ratio that is economically feas-
ible.

Changing the voltage levels on a distribution system is
not the only thing autotransformers are used for.
They're used other places, too. Large three-phase units
are used to tie together different voltage levels on
transmission systems—say a 345 KV system and a 500
KV system. Smaller ones are used in buildings to pro-
vide 240 volts from 208 volts.

Autotransformers are also used as ballasts in floures-
cent and mercury vapor lights to provide a high enough
voltage to make the light work.

re
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Voltage Regulators

The voltage regulator is a device that automatically
controls the voltage level on a distribution system. It is
an expensive device but well worth e price, sinceitis a
pretty sophisticated piece of equipr nt. and lasts many
years.

The voitage regulator senses that the incoming voltage
is low or high, and by how much, and then adjusts the
outgoing voltage to whatever value its been set to hold.

Essentially:_'t'he voltage regulator is an autotransformer
in which the turns ratio can be adjusted by switching
parts of one winding in or out.

-7
oy

VOLTAGE REGULATOR

A SPECIAL TRANSFORMER

THAT AUTOMATICALLY AOQJUSTS
ITS TURNS RATIO TG HOLO A WNEARLY

CONSTANT OUTPUT VOLTAGE
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BASIC TRANSFORMER

240V

SECONDARY
VOLTAGE
240V )

QUTPUT
VOLTAGE
7200V + 240V

= 7440V

.

7200V

QUTPUT
VOLTAGE
240V 7200V - 240V

- 6960

SELECTOR
SWITCH

COIL

j‘ﬁﬁj
§ SERIES
coIL
SHUNT

..J
&

Here is a regular two winding transformer such as those
normally used for services, but without a center tap. As
an example, let this transformer have a 7200 v primary
and a 240 v secondary.

It 7200 v is applied to the primary, and the secondary
voltage is 240 v, 7440 is obtained from the output to the
ground. :

If the secondary is hooked up as shown, the two vol-

tages subtract. If 7200 v is put in, 6960 v would come
out.

If several taps are brought out from the series winding,
the amount of voltage change can be varied by using a
selector switch to connect the proper tap.



The reversing switch is used to make the series coil
either add or subtract voltage from the incoming vol-
tage.

This box mounted on the pole is the control for the
regulator. Sometimes, the control box is rnounted on the
side of the regulator instead of on the pole.

This is an electronic control whict: .5 (ypical of the type
being manufactured today. There are still many elec-
tromech-: ::,cal controls around, but both kinds do the
same L' ngs and generally have the same controls on
the panel.

L7 PN

SELECTOR

\/

SWITCH

REVERSING
SWITCH

| S

SHUNT
coiL




An advantage of thr «..'Ctronic controls is that they are
factory calibrated. 7 % contro! is set to give 122 v out-
put, and that is wta. 'r.e regulator will produce. Mechan-
ical controls have = be checked periodically using an
accurate volt met:. and a trial and error method, since
the control calibra:ion drifts with age.

This controt is tii bz. =00, which is the range that
VOLTS BANDWIDTH the ouiput voltage may 7.\ r.efore the regulator oper-
ates. The narrower the ¢cznawidth, the more effectively
the regulator hoids & ~onstant output voitage. The
1( newer regula:ors w'th eiectronic controls are usually set
to 1.5 v or even 1 v andwidth. Older regulators that
have mechznice: »ancwidth controls can't be set accu-
rately to 1 Frric:width any smaller than two volts.

All regulators have a time delay control. This one is
inside the nanel, on the circuit board. The time delay
makes tho regulator wait a preset time from when it
senses th. :ieed to adjust the voltage until itis allowed to
0 80.

_TIME DELAY 7
SECONDS t10% "\

&

4
W N




This time delay prevents the regulator from trying to
correct momentary voltage fluctuations, such as those
caused by loads coming on or off the line. The usual
setting for the time delay is 30 seconds, although other
settings may be used if required.

Regulators commonly have a range of regulation of
plus or minus 10%. That means the output voltage can
be up to 10% higher or 10% lower than the incoming
voltage. The yellow hand (which appears as gray on this
picture) on the step indicator dial shows which step the
regulator is on. The white hands show how many steps
each side of neutral the regulator has been . These drag
hands are reset periodically. Notice that there are 16
steps in each direction.

- 10% regulation range in 16 steps gives 5/8% change
in voltage for each step. Figured on a base of 120 v,
that's 3/4 v per step.

If the regulator is consistently up to 16 steps in either
direction, it is trying to control a voltage swing outside
the range that it can handle. When this happens, the
cause should be determined and then fixed.

r%

"J

I'M GOING TO MAKE SURE THAT THE
CHANGE IN VOLTAGE IS PERMANENT
BEFORE | MAKE A TAP CHANGE.

LOWER RAISE

—D>D-CmZ

16 12 8 4 4 8 12 .16
I|||I|||I|||I|||||||I|||I|||I|1||

T T————
~-10% +10%

EACH STEP = 5/8%
OR 3/6 VvOLT ON A 120 VvOLT BASE
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There are some other controls and indicators on the
lower part of the panel. One of these is a selector switch
that allows automatic control, manual raise or lower, or
turning the controi off. This control is used for testing the
regulator in operation and to bring it to neutral when it is
to be de-energized.

. . The operations counter shows how many operations
wsg T T the regulator has accumulated, much as the odometer
in a car shows accumulated mileage.

Another important item is the surge arrester across the
series coil. This is necessary to help protect the regu-
lator from lightning and switching surges. Some man-
ufacturers put the surge arrester inside the tank so it
can't be seen, but it is still there.

r~ -




In addition, distribution valve type arresters should be
used on both the load and source bushings. These
should be mounted on the regulator tank to get them as
close as possible to the regulator bushings to provide
maximum protection to the regulator. Most manufactur-
ers provide lugs on the regulator tank to use for mount-
ing these arresters. '

Although voltage regulators can solve lots of the voltage
problems on a distribution line, there are other types of
voltage problems that are better handled in other ways.

Capacitors

Under the right conditions, the power flow in power lines
can be lowered and line losses reduced by using
capacitors instead of regulators.
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Essentially, a capacitor is two metal plates with an in-
sulator sandwiched in between.

METAL
PLATE |

INSULATOR §
CAPACITCR CONSTRUCTION

To get a capacitor big enough, power capacitors are
made of several sections of foil and oil impregnated
paper or plastic film rolled up—much like several rolls of
paper towels.

INSULATOR

METAL
FOIL

METAL FOIL

CAPACITORS ARE MADE IN SECTIONS

To understand how capacitors reduce power flow in the
lines, some background information is needed. All elec-
tric devices draw real power from the electric system.
This power is calied real because it can be converted

N ~ into heat, light or motion, which is what's needed to do
T 1 - - various jobs such as cooking, running a mill, and so on.
anap,

REAL POWER

ﬁ LIGHT

HEAT ‘1OTION
- In addition to real power, some elactric devices also
draw reactive power from the electric system. Motors
Reactive REACTIVE POWER and transformers are the most common users of reac-
Power MAKES MAGNETS tive power. The reactive power is used to magnetize the

OF 'RON PARTS iron parts of these devices in order to make them work. It

isnot real power, because none of it is ever converted to
heat, light,” or motion.
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A motor will draw reactive power when it is energized,
even thoughi itis not powering anything. If a mechanical
load is connected to this motor it will draw real power to
run that mechanical load. The amount of reactive power
it draws will stay nearly the same regardless of the
mechanical load.

A transformer will also draw reactive power when it is
energized, even with no load on it. If a load requiring
only real power is connected to it, the transformer will
draw real power to supply that load. As in a motor, the
amount of reactive power the transformer draws will
stay nearly constant regardless of the load.

If a load that requires both real and reactive power is
connected to a transformer, the transformer will draw
enough of each of them to pass along to the load. In
addition, the transformer still . aws reactive power to
supply its own needs. The transformer’'s own need for
reactive power to magnetize its core is nearly constant,
regardless of the requirements of the load connected to
it.

Reactive power, like real power, can be supplied by the
generators in a power planit. In this case, it has to flow
through the transmission system, the substation, and
the distribution system to get to the load needing it.
Since the lines and equipment used are not perfeci,
both the (eal and reactive power flowing through them
will cause losses. If power could be supplied closer to
the load. line losses could be reduced, because the
power wou!dn't have to flow through so much line and so
many pieces of equipment.

bor

‘v

—

fFROM
Tt LECTRIC
SYSTEM

Reactive Real

Power Power Real

Mator

7.

IEAL PDWER 1S USED BY THE LDAD

Mechanical
Load

fRDOM
ELECTRIC
SYSTEM
Reactive Aeal

Powers Power

Real

l: Power

Real
Power
lLoad

FROM
ELECTRIC
SYSTEM

Real
Power
Rea:
Re. hive :

Powvet

Reactive
Powar

Rea Ano

Reacuve
Power
Load

LOSSES

LOSSES

2

SUBSTATIUN

LOSSES
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POWER LOSSES

IN ALL PARTS OF THE SYSTEM
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J-i' Turkize l . Generator

REAL POWER IS MOST
ECONOMICALLY PRODUCED

IN LARGE AMOUNTS
AT POWER PLANTS

SUBSTATION

SMALL LOSSES IN
DISTRIBUTION
SYSTEM

=

KVAR

KILOVOLT-AMPERES REACTIVE
A MEASURE OF

REACTIVE POWER

CAPACITORS

| [sueLy consTanT
AMOUNTS OF
~—" | J REACTIVE POWER

Unfortunately, the only way to supply real power eco-
nomically is by running large generaters and shipping
the power out over transmission and distribution sys-
tems. But reactive power can be supplied close to the
load by using capacitors.

Capacitors can be considered as sources of the reactive
power used by motors and other magnetically operated
devices. With capacitors onthe line, the power plant has
to supply less reactive power, since someif itis supplied
locally by capacitors.

10 determine how many capacitors are needed to sup-
ply the reactive power required by the load, the amount
of reactive power needed must first be determined.
Reactive power is measured in KVAR's. Like trans-
former KVA, KVAR's are kilovolts times amperes. The
"R" on the end of KVAR means this is reactive power
only.

Capacitors are rated by how many KVAR's of reactive
power they can supply. After the reactive power re-
quired by the load is determined the necessary
capacitors can be bought. Typical ratings of distribution
capacitors are: 50, 100, and 200 KVAR.



E

Capacitors also have a voltage rating. This rating must
be matched to the operating voltage. If too high a vol-
tage is applied to a capacitor, it can shorten its life
dramatically. Too low a voltage won't hurt the capacitor,
but it will supply a lot less reactive power (KVAR's) than
it's designed to.

Electrified oil fields and industrial areas require a tela-
tively large amount of reactive power. This requirement
i year round.

Air cor litioning is another load that requires reactive
power. Since it's only used during the ot part of the

2ar, the need for reactive power is seaconal. In addi-
.0, it also has a daily cycle since it runs a bit less at
night.

Manv residential loads us2 motors or transformers.
Even gas heating systems use transformers to prcduce
the 24 v us=-1 ir the thermostat circuits. Washing
" i@ralors, vacuumi cleaners and many
other householc’ devices use motors which must be
supplied with reactive power. Household reouirements

machines, ::

for reactive power vary with the time of the day.
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Because sume of these loads have varying needs for
reactive power, some of the capacitors have to be
turned on and off at various. times. They can't just be left
connected because if thergggre more capzcc.tors on the
line than needed. they sup%too much reactive power.
or capacitive power. As far as line and equipment los-
ses are concerned, this condition is just as bad as not
having enough capacitors. In aduition to causing hiher
line losses, too many capacitors on a line can cause
high voltage towards the end of the line. Therefore, the
capacitors must be switched on and off.

Usually, encugh capacitors are left permanently con-
rected to the line to supply the least amount of reactive
power nceded. This is the reactive power that supplies
motors, transformers and other magnetic devices that
run all the time.

[ 4

Then additional capacitors are switched on in the spring
and off in the fall. This switching is done manually.
These capacitors take care of most seasonal changes
inreactive load, most of whichis caused by air condition-
ing and irrigation yumps.



To compensate for the changing requirements during
the day, the remainder of the capacitors are switched
automatically using oil switches.

Many types of controls are available to operate the
capacitor oil switches. One of the least expensive is a
simple thermostat. This works well when daily air condi- -
tioning load is causing the reactive power demand.
Other more accurate methods can be used to control
switched capacitors, too. Some of these are pretty i RN,
sophisticated and also expensive. N

TERRERATCHED INTROU CL2T

The two basic devices for voltage control on distribution
systems are regulators and capacitors. The regulators

control voltage directly by changing the turns ratio in a CAPACITORS CONTROL

transformer, and the capacitors control it indirectly by VOLTAGE

supplying reactive power to magnetically operated de- 'ND':$CTLY

vicas on the system. REDUCING
REACTIVE

VOLTAGE REGULATOR LOAD ON SYSTEM

CONTROLS VOLTAGE BY
TRANSFORMER ACTION

Loy




By using capacitors to control reactive current, the

CAPACITORS HELP KEEP THE WHOLESALE power supplier is being helped, yet it doesn’t cost him
POWER BILL DOWN. SINCE REACTIVE anything. But, the power supplier bills its customers for
FOWER DOES NOT NEED TO BE BOUGHT excessive use of reactive power. In addition to metering
FRCWM THE POWER SUPPLIER. the real power demand at the substation, the supplier

meters the reactive power demand also. If the reactive
power gets too high compared to the real power a pen-
alty must be paid on the monthly power bill. Capacitors
are very useful on power systems in a variety of ways.

Meters

The most common, and probably the most important
kind of meter used on a power system is the watthour
meter. A watthour meter measures the amount of elec-
trical energy flowing through it. The amount of electrical
energy a consumer uses is the basis for his monthly bill.
Since the power company's revenue depends on accu-
rate metering, proper use and maintenance of them
becomes extremely important.

Basically, all watthour meters are electric motors whose
speed of rotation depends on the amount of power
flowing through the meter.

POTENTIAL
WINDING

\
CURRENT
41 WINDINGS




The moving part of the meter is called the meter disc.

The disc drives a series of gears connected to a regis-
ter.

There are two types of registers in common use. One is
a clock type, which has a series of dials that look like

clocks. It's easy to make a mistake reading a mete: like
this.

L0 >~
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The other type is a cyclometer * ‘0e. The numbers are
direct reading, like the odomet.: " a car.

The watthour meter register totals up the number of
times the disc has turned completely around. The
numt-er of disc revolutions is reduced by the gear ratio
of thz gear train. Totaling the reduc-.d disc revolutions in
this way gives a reading of energy consuniec, which is
measi.red in xilowatt-hou:s.

’

The hardest part of metering is the wide variety of meter
types. If only one type of meter was used it would be
pretty easy.
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Different types of meters were developed either as im-
proved designs or to meter different kinds or sizes of
loads.

For example, a single-phase meter used for metering
residential loads has only one disc. But if a three-phase
load is o be metered, this single-phase meter won't
work.

The most straight forward way to measure a three-
phase circuit is with three separate single-phase
meters. It's the most expensive way, but it's also the
most accurate. The three meters can be built in a single
unit with the three meters sharing a common shaft and
register.




Where a bit less accuracy is allowable, some com-
promise methods can be used. These involve doing
wiring tricks inside the meter with the different phase
voltages and currents. A meter designed for com-
promise metering is generally cheaper because it has
fewer internal parts.

Most customers are billed for the energy they use.

e !
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Demand is a measurement of the peak power, or
maximum power, the consumer’s load demanded dur-
ing the month. From a practical standpoint, it's a mea-
sure of how big a service is needed to supply a
consumer—the service wire size and transformer size
in particular.

Demand measurement does not take an extra meter. A
special register is substituted for the normal register on
a regular kilowatthour meter.

KILOWATTS

This demand register records the energy used, in
kilowatt-hours just as a regular meter does.
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In addition, the demand register has another set of dials
or apointer that records the peak power demanded (the
demand) in kilowatts.

PR Some demand meters use a scale around the edge of
WA 1b the face plate and a long pointer to record the demand.
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Not all registers show kilowatt-hours and kilowatts di-
rectly. Sometimes a multiplier is shown next to the dials.
This means the reading must be multiplied by this value.
On this meter the multiplier is ten. Generally on demand
meters, the same multiplier applies to both sets of dials.

Each number on the face plate is there for a reason.
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This big number at the bottom is the manufacturer's
serial number.

This number is designated by the power company for
each meter. These assigned numbers simplify record
keeping since it is hard to arrange a file using various
manuiacturers’ serial numbers.

This is the c/ass of the meter. It is the maximum load
current the meter can carry, in this case, 200 amps.

=

9
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v 13369 |
56 229 102
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Here are the voltage and circuit type ratings. This meter
is @ 240 v meter designed to be used on a three wire
circuit. Above that are the words, “single stator”. This
means that this meter is to be used on single-phase.

This is a very important number—the form number.
Form numbers tell how the meter is wired inside. A/l
meters with the same form number are wired the same
inside. If two meters have the same class rating, voltage
rating and form number, they are direct replacements
for each other.

The letter at the end of the form number indicates the
type of base the meter has. An “S" means a socket type
meter. An “A” means a meter with a terminal block on its
bottom side.



This group of numbers is important for testing meters.
TAmeanstestamps. Testamps is the current applied to
the meter for initial adjusting. K|, tells how many times
the disc turns completely around for each watt-hour of
energy that flows through the meter.

R, is the register ratio. it is the gear ratio of the gear train
in the register.

Self contained meters, which are the kind that have
been covered so far, usually are not rated above 200
amps full load current, or 480 v. | currents or voltages
higher than that are to be metered, transformer rated
meters are used.

{y ~
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Transformer rated meters are almost always rated class
10orclass 20 and 120 v. They are connected to the load
to be metered through special metering transformers,
which reduce the current and voltage to these levels.

These instrument transformers are made in many dif-
ferent sizes to allow metering a wide range of loads.

Tee phase wye 4 owire circul, Properly connecting some of these meters can get pre-
S — ttv complicated. Making a mistake can give results from
s making the meter read wrong, to causing a short circuit

and a fire. No one can become an overnight expert on

metering since there are so many details.

NELTRAL




Since a power company's revenue depends directly on
coirect and accurate metering, there are a few points
that stiould be remembered. The first is that a// kilowat-
thour meters measure the electrical energy that the
consumers are buying to produce heat, light and
mechanical motion.

Secoridly, some kilowatthour meters measure electrical
demand, or power, in addition to rneasuring energy. The
demand register indicates how fast a customer used
energy since the last time the meter was reset.

The many details of metering siem from the large
number of meter types in use. Metering can't be
simplified by eliminating any types of meters since each
was developed for a particular use. Sooner or later,
everyoneruns across each of these metering schemes.

'_‘s
.
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Glossary

Ampere: The unit of electrical current.

Arc: An intense discharge of electric current between
two electrodes or two conductors.

Armor Rods: Small rods which are wrapped around a
conductor to increase its mechanical strength at that
point. They are sometimes used to create a place to
connect hot line clamps.

Autotransformer: A single coil (winding) transformer.
All the primary and secondary connections are made to
this one coil. Often used where the voltage ratio is 1:3 or
less, since in these ratios, it is cheaper and lighter than a
two winding transformer.

Bandwidth: The upper and lower limits of a condition.
As long as the condition remains within these limits, no
corrective action is required. When used with respect to
a.voltage regulator, bandwidth is the number of volts,
centered around the voltage setting, that the line voltage
can vary without the regulator operating. For example, a
bandwidth of 2 volts and a voltage setting of 123 volts
allows the voltage to be between 121 volts and 125 volts
without the regulator operating.

Basic Impulse Insulation Level (BIL): BIL is the vol-
tage level at which insulation will begin to break down.

Basket: A loop of wire connected to a conductor so a
hot line clamp can be attached to or disconnected for the
basket without damaging the conductor itself.

Bulk Power: Electrical power transmitted over trans-
mission lines in large quantities.

Bushing: An insulated support for a terminal.

By-Pass Switch: A switch which is used to jumper
around a device in the system, thus allowing mainte-
nance to be performed on the bypassed equipment.

Capacitor: A device basically consisting of two metal



plates separated by an insulator. Such a device is used
in a power system to provide reactive power.

Capacitor Switching: The act of switching capacitors
in or out of a circuit.

Capacitive Power: A type of power which is drawn by
capacitors. Capacitive power is opposite to inductive
power and these tend to cancel each other when both
flow in the same line.

Circuit Breaker: A device that will open a circuit if too
much current is flowing through it. Once it opens it can
be manually reset.

Clock Type Meter: A meter which has a set of dials
that look like clocks. These dials record the accumu-
lated kilowatthours of energy that flow through the
meter.

Coil Size, Coil Size Rating: 1. The full load current
rating of a recloser. This rating is expressed in amperes.
2. The full load KVA rating of a transformer.

Coiled Lead: A piece of wire connecting a piece of
equipment to a power line and formed into a coiled
shape. They are to be AVOIDED on lightning arrester
installations, as they severely reduce the arrester's ef-
fectiveness.

Compromise Metering: The idea of using a metering
method less accurate than the best that can be obtained
in exchange for lower cost. Compromise metering is
accomplished by special wiring connections either in
the meter or in the external connections.

Connector: A device used to join two wires electrically
and physically.

Continuous Load Current: The amount of current
which a device can handle continuously without damag-
ing the device.

Control Calibration: The calibration or adjustment of
a control circuit.

Corrosion: A non-conducting substance formed (par-
ticularly on connectors and not line clamps) by the
chemical reaction of 2 dissimilar metals being in contact
with each other, often with moisture present.

Cutout: A fuse holder designed for use on distribution
circuits. Open cutouts provide visual indication of a
blown fuse. However, enclosed cutouts may not provide
this advantage.

Enclosed Cutout: A cutout containing a fuse in a
closed box. Such devices may not provide visual
indication of a blown fuse.

Lo
[ 9%

61



Y

Open Cutout: A cutout consisting of exposed parts
which can give visual indication of a blown fuse.

Cyclometer: A type of meter register, consisting of
rows of numbered wheels, such as found in a car
odometer or the operations counter on a voltage regu-
lator. This particular type of register is easier to read
accurately than the earlier type using dials and pointers.

Demand: The measureriient of the peak power or
maximum power which a Ic \d requires. The demand
gives an indication of how close a power systemis being
operated to its maximum capacity. See also-PEAK
POWER.

Demand Register: A meter register that records both
energy (kilowatt-hours) and demand (kilowatts) that
flow through the meter. The energy (kilowatt-hours) is
recorded on a set of dials as on a regular register. A
second set of dials or a pointer records the demand
(kilowatts).

Distribution Circuit: A distribution line beginning at a
distribution substation and which serves all the con-
sumers in an area. The circuit contains all smaller lines
connected to the main line from the substation. A sub-
station usually supplies several distribution circuits.

Distribution System: The part of the power system
thatdelivers power from the substation to the consumer.

Drag Hands: An auxillary set of pointers on a register
which records the highest and lowest points reached by
the main pointers. These are used primarily on the
position indicator of a voltage regulator.

Electromechanical Control: A device dependent
upon electrically induced mechanical motion to perform
its function. Such devices can be used to controi equip-
ment such as voltage regulators.

Electronic Control: An electronic circuit designed to
control a piece of equipment such as a voltage regulator
or recloser.

External Gap: An external spark gap used on some
lightning arresters in addition to the internal gap.

False Tripping: A recloser operation thatis not caused
by a fault. The most common causes of false tripping are
load current greater than the recloser's minimum trip
point, and lack of periodic maintenance.

Fault: A short circuit on the line.

Fault Current: Th& amount of current that flows in
the system when a fault, or short circuit, occurs.

Line To Ground Fault: A short circuit (fault) involv-
ing one phase, or hot conductor and the earth. The




neutral (if present) is not involved (this would be
called a line to neutral fault).

Permanent Fault: A faultthatdoes not correct itself.
For example, a transformer winding could short and
would remain on the line until it was removed by the
lineman.

Self-Clearing Fault: A fault that corrects itself. For
example, a tree limb might slap against a line and
cause a momentary short circuit.

Three-Phase Fault: A short circuit (fault) involving
all three phase wires of a circuit. If the circuit has a
neutral, it may or may not be involved.

Feeler Gauge: A measuring device used to measure
the gap between two contacts. The gauge is slipped
between the contacts and the gap is adjusted to the
point that the contacts just touch the gauge.

Fuse: A device placed in a circuit to protect it from over
current. When too much current flows through a fuse,
the fuse melts or burns up and opens the circuit.

Fuse Holder: A device used to hold a fuse.

Fuse Link: A replaceable fuse such as used in a cut-
out.

Gear Ratio: In a kilowatt-hour meter, it is the ratio
between the speed of the disc and the right nand (fas-
test moving) dial on the register. This term relates to the
number of revolutions which the meter disc makes for
every single revolution made by the right hand pointer

on the register. (See Gear Train)

Gear Train: An assembly consisting of a system of
interconnected gears. Such an assembly is used in
meters to convert the number of disc revolutions to a
numerical reading on the meter register.

Ground Lead: The wire connection between a piece of
equipment and ground, or neutral.

Ground Lead isolator: A protective device used on a
lightning arrester. If the arrester short circuits, a small
explosive charge in the base heats up and fires. This
explcsion blows off the bottom terminal and remove the
arrester from the circuit. This gives a visual indication
that the arrester is bad.

High Current Feeder: A three phase line built with
relatively large conductors, and generally used to carry
power to various smaller taps branching off from it.

Hot Line Clamp: A connecting clamp used for low
current connections (usually 1; Amps or less) which can
be operated with hot line tools.

HotLine Tools: Heavily insulated tools which are used

»
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to work on hot (energized) lines.

Incoming Voltage: The voltage coming into a device.
The voltage applied to the source side of a piece of
equipment.

Inductance: A characteristic of wire. This characteris-
tic causes the conductor to oppose any sudden change
in current flow. Coiling a wire increases its inductance
many times.

Initial Adjusting: The first adjustment or calibrations
made on a device.

In-Line Tension Switch: A line switch which is
rnounted in the line itself and not on a pcle. They are
easier toinstallin an existing line than pole top switches.
They can be operated by hot line tools.

Interrupting Rating: The amount of currerit which can
be interrupted by a device. If the current exceeds the
rating, the device may not be able to interruptit. This can
damage the device and other equipment on the power
system.

Jumper Connection: A shortwire used to connect the
conductors of two lines together electrically. Usually the
lines cross each other on a pole, but occasionally mid-
span connections are used.

Kilowatt-hour: A measure of electrical energy. One
kilowatt-hour is the amount of energy necessary to
power a one killowatt (1000 watts) load for one hour.

Kh: A number that tells how many times the disc in a
killowatthour meter turns completely around for each
watt hour of energy that flows through the meter. It is
called the WATTHOUR CONSTANT.

KVA: A measure of combined real and reactive power
called APPARENT power. The voltage in thousands of
voits is multiplied by the current in amps to give the KVA.
All transformers have a KVA (apparent power) rating.
This is the maximum apparent power a transformer can
handle continuously without damaging the transformer.

KVAR: A unit of measurment for reactive power. It is
determined the same way as KVA. However, only reac-
tive, or magnetizing, current is included in the current
measurement (see KVA).

Lightning Arrester: A more commonnamefora surge
arrester.

Line Insulator: A non-conducting device (usually
porcelain or glass) used to hold wires on a pole or
crossarm.

Line Switch: A manually operated switch used on a
distribution line to break it into smaller sections to make
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trouble shooting easier.

Load Break: A name given to devices which are de-
signed to open circuits which are carrying load current
(energized).

Load Break Rated: Refers to a device designed to
safely interrupt a specified load current.

Lock-Out: Occurs when a recloser has been tripped
the maximum number of times and then it locks-out or
remains open until itis manually reset after the fault has
been cleared.

Magnetic Core: The laminated steel structure inside a
transformer. Both the primary and secondary coils are
wound on the core. The core forms the magnetic circuit
within the transformer.

Main Conductor: As used in this book, refers o the
conductor to which a basket is attached.

Main Feeder: A main distribution line usually begin-
ning at the distribution substation.

Maximum Rated Current: The maximum current a
device can handle continuously without damaging the
device.

Mechanical Load: The load driven by an electric
motor.

Mechanical Protection: Protectior from physical
damage.

Meter Disc: The round flat part ot a meter which re-
volves as energy flows through the meter. The speed of
the disc's rotation is in proportion to the amount of power
flowing through the meter. This disc is connected to the
meter's register through a gear train assembly.

Minimum Trip Point: The minimum current necessary
to trip a recloser. It is twice the coil size rating in hy-
draulic reclosers. Its setting is variable in electronic
units.

Multiplier: A multiplying factor found on the face of
some meters. The reading on the register is multiplied
by this factor to obtain the actual kilowatt-hours.

Neutral: A return wire common to all three phases.

Non-Load Break: A name given to devices which are
not designed to be opened while carrying load or fault
current.

Oil Circuit Recloser: An automatic circuit recloser that
uses oil for both insulation and timing by hydraulic
methods.

Oil Switch: A switch which has its contacts under oil.
The oil provides insulation and arc interruption. The oil

147
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switch is particularly suited to switching capacitors.

Operating Voltage: The voltage level at which a piece
of equipment or a system is normally operated.

Operating Voltage Rating: The voltage level at which
a device or system can operate continuously without
damage. The voltage level at which the equipment or
system was designed to operate.

Operation Counter: A mechanical counter which re-
cords the total number of times a device has operated.

Outgoing Voltage: The voltage coming out of a de-
vice; the output voltage.

Output Voltage: The voltage present at the load ter-
minals of an electric device.

Peak Power: The maximum power a load demands.
Sometimes, as in demand meters, power is averaged
over 15 or 30 minute intervals. The highest power in one
of these intervals is then called peak power. Averaging
the power in short intervals more closely approximates
the heating effect of loads on the power system. See
also DEMAND.

Phase Conductor: A conductor normally energized at
a voltage above ground.

Power Capacitor: See Capacitor

Power Follow. Current: The 60 cycle pcwer which
maintains its flow across a spark gap of a lightning
arrester after the lightning has been discharged.

Primary Voltage: The input voltage of a transformer,
whether used as a step-up or step-down transformer.

Primary Winding: The input winding of a transformer.

Radio Noise: Electrical interference generated by
loose electrical connections, loose hardware, impro-
perly adjusted spark gaps and other conditions. This
interference causes noise or static on radios.

Reactive Power: Magnetizingpower which is neces-
sary for the operation of such devices as motors and
transformers.

Real Power: Electric power which can be converted
into heat, light or motion.

Recloser: A device that senses the current flowing
through a line and opens if the current exceeds a
specified amount. It will, after a short delay, close again
for another try. It will give two or three chances for the
trouble to clear before remaining open.

Register: A gear train on a kilowatthour meter ar-
ranged to count the number of disc revolutions. The



register gives the number of kilowatt-hours, however,
instead of the actual disc revolutions. The register read-
ing is recorded either on a set of clock-like dials or on a
set of odometer-like number wheels.

Regulator: See Voltage Regulator.

Regulator Range: A specified range of voltage which
a regulator can correct. Usually this is plus or minus
10% of the nominal, or rated, output voltage (not the
output voltage set on the control panel).

Return Wire: A common wire which returns current to
the source and is usually grounded.

Reversing Switch: In a regulator, a switch used to
reverse the connections of the series coil. This controls
whether the regulator produces an output voltage which
is lower or higher then the incoming voltage.

R,: Stands for register ratio. It is the gear ratio of the
gear train in the register of a meter.

Secondary Side: The output side of a transformer.

Secondary Terminals: The connecting terminals that
are used to make a connection to the secondary winding
of a transformer.

Secondary Voltage: The outout voltage of a trans-
former, whether used as a step-up or step-down trans-
former.

Secondary Winding: The output winding of a trans-
former.

Selector Switch: A switch used in a regulator to
choose the amount of voltage to add or subtract from the
incoming voltage.

Series Coil: In an autotransformer or regulator, the coil
or winding connected between the incoming (source)
terminal and the outgoing (load) terminal. No part of the
series coil is connected to ground, or neutral.

Short Circuit: A very low resistance connection be-
tween hot lines or hot lines and neutral. Itis also referred
to as a fault. Excessive current flows through the lines
that feed a short circuit and can damage these lines if
not quickly corrected or properly protected with fuses or
oil circuit reclosers.

Shunt Coil: In an autotransformer or regulator, the coil
or winding connected across the line (from the hot or
phase wire to neutral).

Single-Phase Circuit: A power line that uses one hot
wire and one return wire. Sometimes, a service has
three wires—two hot wires and a neutral. This is still

considered single phase since it is derived from only
\
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one phase of the distribution system.

Single-Phase Meter: A meter which is designed to
meter a single-phase system load. As single-phase
loads can be either two wire or three wire, different
meters are made to measure two wire and three wire
circuits.

Single-Phase Tap: A connection to one of the hot
wires and the return wire of a three-phase circuit to form
a single-phase circuit.

Sixty Cycle Power: The frequency most commonly
used in the United States for power generation, trans-
mission and distribution. 50 cycle and 25 cycle are two
other standard power fequencies.

Spark Gap: A space between two electrodes.

Spark-Over Voltage: The voltage level necessary for
a spark gap to fire, or arc over.

Standard Operating Procedure: A set of rules estab-
lished by a power utility that set forth a step by step
method of performing certain recurring jobs. These
rules are designed to make the work safe and to
minimize disturbances to the power system.

Substation: The group of equipment that intercon-
nects the transmission system to the distribution sys-
tem. A substation has 3 essential functions (voltage
change, disconnecting the station from the transmission
system, and protecting it from the distribution system).

Surge Arrester: A device which discharges voltage
surges to ground to prevent damage to any devices or
equipment on tae line. These voltage surges may be
causad by switching operations or lightning.

Surge Voltage: A sudden pulse of voltage occurring
on a power system. The peak voltage of the pulse is
usually several times the normal operating voltage.

System Voltage: The voltage level at which a system
normally operates.

Terminator: Special connector designed to minimize
electrical stresses caused by power system voltages at
the ends of wires.

Test Amps (TA): The current whict is applied to a
meter for initial adjusting.

Three-Phase Circuit: A system which uses three
wires te carry current and which may also have a neutral
or retum wire.

Three-Phase Ganged-Air-Break Switch: Three
single switches, one in each phase of a three-phase
line, mechanically connected to operate together, and



using air as the insulating and arc interrupting material.

Thermostat: A temperature controlled switch which
usually provides an on-off tunction. The switching oc-
curs at preselected temperatures.

Time Delay: A waiting period from the time a condition
is sensed until the control circuit takes corrective action.

Transformer: A device which changes the voltage
level that is applied to it.

Center Tapped Transformer: A transformer which
has a tap (connection) at the center of the secondary
winding. The voltage at the center tap to either end of
the secondary is one half the voltage from end to end
of the secondary.

Distribution Trznsformer: A transformer used to
reduce the voltage from that used on the distribution
system to the voltage level which is used by the
consumer.

Step Down Transformer: A transformer which
gives an output voltage that is lower than the input
voltage.

Step Up Transformer: A transformer which gives
an output voltage higher than that applied to the input.

Transformer Core: See MAGNETIC CORE.

Transmission System: The part of the power system
that moves power from the generating plants to the
substations and has no other loads along the way.

Turns Ratio: A ratio which represents the number of
turns in the primary winding of a transformer divided by
the number of turns in the secondary winding.

Valve Block: The part of a lightning arrester which
limits the power follow current through a lightning arres-
ter to a point that the spark gap can interrupt it.

Voltage Change: A process occurringin atransformer
which converts voltage from one level to another.

Voltage Fluctuation: A change in voltage level.

Voltage Rating: A voltage level that a device is de-
signed to withstand. Most devices have several voltage
ratings, each for different conditions.

Voltage Ratio: Aratio of the primary voltage of a trans-
former divided by the secondary voltage.

- Voltage Regulator: A device used to correct the vol-
tage level on a distribution system to maintain some
predetermined level.

Watthour Meter: A meter which measures the amount
of electrical energy flowing through it.

L R
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Laboratory Procedures
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Schematic Diagram
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Reclosers
and Fuses

Introduction, Lab One

Both reclosers and fuses are used on distribution Sys-
tems as protection against faults, or short circuits. Re-
closers are “smart” circuit breakers that make several
attempts to reset before locking out and leaving a line
dead. Fuses, used with reclosers, can minimize the
amount of line affected by a fault. Making fuses and

reclosers work together properly is called “‘coordina-
tion."”

Objectives
After completion of this lab, the student will under-
stand:

1. Recloser trip point and sequence of operations be-
fore lock-out.

2. The size of the fuse used with an OCR is important
for proper recloser-fuse coordination.

Equipment Required

1 AC ammeter

15 amp OCR

1 fused cutout (wall mounted)
1 variac

Part I: Demonstration of Recloser Trip Point

To demonstrate the trip point of an OCR, connect
the following circuit.



Procedure

Caution—Before energizing circuit, set variac to
minimum voltage (full counter-clockwise) position. The
instructor will help you determine this position if you ask
him. :

Atter the circuit is connected to the poweér supply,
slowly rotate the variac control. As you do so, watch the
ammeter and listen to the OCR. As soon as the OCR

clicks, stop turning the variac and answer the following
questions.

1. Whatwas the ammeter reading just before the OCR
clicked?
2. Did the OCR click more than once?

How many times?

3. What is the ammeter reading now?___
Has the OCR locked out? _ _

Procedure

If the OCR has not locked out, continue rotating the
variac dontrol until the recloser goes through several
clicks in a row. After it stops, check the ammeter. If it
shows zero, the recloser has locked out. After the re-
closer locks out, answer the following questions.

Questions

1. What was the ammeter reading just before the re-
closer locked out?

2. What is the coil rating of your OCR?______
3. What should be the OCR's trip point?__
4. What was the OCR’s trip point? __ .

Part II: Demonstration of Recloser-Fuse
- Coordination

To demonstrate coordination of fuses and OCR's,
connect the following circuit.

Procedure

CAUTION—Before energizing circuit, set variac to
minimum voltage as in first part. Note—Since it is
necessary tG i=-.ow on which recloser operation the fuse
operates, close attention must be paid to both the am-
meter and the recloser clicks.

From the three fuse links given, install the smallest

SWITCH =
0-25 AMP
AC AMMETER

RECLOSER

_——/

VARIAC

Pictorial Diagram

0-2%ampP S amp FUSED
120 VAC AC AMMETER OCR cuTOUY
SOURCE

VARIAC

Schematic Diagram
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Pictorial Diagram

one in the cutout. Energize the circuit and slowly in-
crease the variac until the recloser begins to operate.
Count the number of recloser operations until the
fuse blows. Repeat for the medium size fuse and the
largest size.

Questions

1. For each size fuse link, write the number of opera-
tions of the recloser and the current read from the
ammeter when the OCR began to operate before
the fuse blew. Use the table below.

Fuse Size Number of  Highest Current
OCR Operations

Smallest

Medium

Larggst

2. Based on the table above, what fuse sizes do not
coordinate with this OCR?

Lightning Arrester
Protection
Demonstration

Introduction, Lab Two

Lightning arresters are used to protect distribution
lines and equipment from excessive voltages.

Due to the high voltages used in the procedure, this
lab will be a demonstration only.

Objective

After the demonstration, the student will under-
stand how lightning arresters protect a distribution line
from overvoltage.

Equipment List

1 0-50 KV Test Transformer and Induction Regu-
lator Set-Up

1 Model of Distribution Line

1 Lightning Arrester



Demonstration Procedure

Caution—Voltages up to 50 KV are present in this
demonstration. All personnel must be clear of the ap-
paratus before it's energized.

1. Atthe end of the model line, bend the two wire ends
that form the spark gap away from each other sothe
ends are at least a foot apart.

2. Starting at zero, increase the line voltage until in-
sulator flashover occurs. The maximum voltmeter
reading is the insulation breakdown or flashover
point. When arcing begins, immediately decrease
voltage to about 3 of the flashover level. Note that
the ammeter showed no current flow until flashover.
Begin decreasing voltage towards zero. Note the
voltage at which the arc goes out. Decrease voltage
to zero.

3. Discussion Points:
a. What made arcing stop?

b. Could arcing cause damage to the pole and/or
insulator? To the conductor?

¢. What does the ammeter show?

4. Set spark gap wires at a 3" gap. Starting at zero
voltage, increase line voltage until spark gap fires.
Maximum voltmeter reading is sparkover voltage.
Immediately decrease the voltage to about % of the
flashover level. Note that the ammeter showed no
current until flashover. Continue decreasing vol-
tage, noting point at which arc goes out.

5. Discussion Points:

a. Did the spark gap prevent arcing across the in-
sulator? Would this prevent pole, insulator and
conductor damage?____

b. What made the arcing in the spark gap stop?

6. Bend spark gap wires at least a foot apart again.
Connect lightning arrester to circuit. Begin increas-
ing voltage. When the ammeter shows current flow,
arrester has fired. Note the voltage. Begin decreas-
ing voltage. When the ammeter drops back to zero
current the arrester has stopped conducting. Note
the voltage.

7. Discuésion Points:
a. What did the ammeter show?

b. Was line damaged at all?
c. Was there any visible arc? . . _

120v 50KV

LIGHTNING

REGULATOR
(MANUAL CONTROL)

ARRESTER

—

—

—
MODEL DIST. LINE

USING POLE STUBS AND 5 Kv
CLASS INSULATION

Pictorial Diagram
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Transformers and
Autotransformers

Introduction, Lab Three

Transformers and autotransformers are used on
power systems whenever a change in voltage level is
required. The side of a transformer that is connected to
the source is called the primary and the side supplying
the load is called the secondary.

Objectives
After completion of this lab, the student will under-
stand:

1. Voltage relations among the three leads on the
secondary side of a distribution transformer.

2. Thattransformers can be used either as step-down

Steps 1, 2, 3 and 4 or step-up.
3. That the voltage ratio doesn't depend on the vol-
[ tage applied.
4. Step-up and step-down operation of an auto-
transformer.

6 VAC Equi t List
g uipment Lis
120 VAC “ E— 12VAC quip
6 VAC 112 VCT transformer, 5 connections

1 12 VCT autotransformer, 3 connections
1 0-120 Volt Variac
1 VOM

Procedure
Schematic Diagram

Note: 12 volt transformers are used in this lab to
model distribution transformers to avoid working with
high voltages. However, 120 volts is being used. Be
Careful. 120 volts can be as lethal as 7200 volts.

TRANSFORMER 1. Using the transformer with five terminals, connect
the side which has only two terminals to the variac
3 TERMINAL output. To make the following measurements, flip
L iseconany the variac control switch to the 120V position (up).
The red pilot light indicates the variac is connected
CAUTION ' to the 120V supply. Increase the variac control to
120V PRESENT ON the 100% position (fully clockwise).

PRIMARY TERMINALS
2. Measure the voltage across the two outside posts of
the secondary. What is it?

2 TERMINAL
(PRIMARY
SIDE)

pNS

Pictorial Diagram 3. It you measured the voltage from the center post to

74 .11.}‘




one of the outside terminals, what do you think it
would be?

What do you think the voltage would be from the
center post to the other outside terminal?

4. Measure the voltage from the center post to one of
the outside posts.

Measure the voltage from the center post to the
other outside post.

Are these voltages the same as your prediction?

If the above measurements are added, is the sum
the same as the measurement in step 2?

Measure the input voltage
What is the voltage ratio of this transformer?

Steps 5 through 10

Decrease the variac control to 0% and flip switch to

“off” position.
5. The variac is a variable transformer. It will be used
here to provide a variety of voltages to be applied to 3
the output side of the “distribution transformer.” 6 VAC 32 -
Wire up the following circuit, but do not turn on the :i @ 3“ v
variac. VARIAC 3 out

6. Turnthe variac all the way down (to the left). Set the
VOM to the 100 volt scale and connect it across the
transformer secondary (VOM Postion 1). Flip the
variac control switch to the 6 VAC position (amber

pilat light) and adjust the variac so the meter reads
45 volts. Disconnect the VOM, set it to the 10 VAC
scale and connect it to the transformer primary
(VOM Position 2). Record the voltage reading in

Schematic Diagram

table | below.
7. Repeat step 6, but with a secondary voltage of 60 F':“\ﬂ Vo tsown 1
volts. L@ I posiTion 2)

8. Repeat step 6, but with a secondary voltage of 75
volts. Decrease the variac control to 0 and turn

TRANSFORMER

switch off.
Table 1 Svac
SECONDARY PRIMARY VOLTAGE ==
VOLTAGE VOLTAGE RATIO vom L —
45 (sHawn N posITION 11 0D
60
75 Pictorial Diagram

9. What conclusion can you make about the voltage
ratio of a transformer with respect to the voltage
applied to it?

10. What conclusions can you make about the voltage

75
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Step 11

6 VAC
SOURCE

Schematic Diagram

Step 12 Pictorial Diagram
6 VAC
SOURCE

Schematic Diagram

6 vaC

SOURCE,
Pictorial Diagram
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11.

12.

ratio of a transformer in respect to its use as a
step-up or step-down transformer? ___

Using the transformer with only 3 terminals (auto-
transformer), connect the center terminal and one
of the other terminals to the 6 VAC source as
shown:

With the VOM, measure the exact voltage across
the 2 terminals connected to the 6 VAC source
(input voltage). Record the reading in table Il be-
low. Now measure the voltage across the two
outside terminals (output voltage) and record it in
the table below. What is the voltage ratio? Record
it in the table. Is this autotransformer connected
step-up or step-down?

Reconnect the autotransformer with the two out-
side terminals to the 6 VAC source. With the VOM,
measure the exact voltage across these two ter-
minals (input voltage) and record in the table be-
low. Now measure the voltage from the center
terminal to one of the outside terminals and record
the reading in the table below. What is the voltage
ratio this time? Record it in the table. Is the auto-
transformer connected step-up or step-down?

Table Il
INPUT OUTPUT VOLTAGE
STEP VOLTAGE VOLTAGE RATIO

11
12

~
~




Distribution
Voltage Regulators

Introduction, Lab Four

Step type voltage regulators are widely used on
distribution systems to correct improper voltage levels
that occur during normal operation of a power system.

Objectives

After completian of this lab, the student will under-
stand the function of various controls on a voltage regu-
lator. Caution— (his lab uses 120 volts.

Equipment List

1 32 Step Distribution Voltage Regulator (modified)
2 VOMs

1 10 Amp Variac which must have an output range
ability above incoming voltage.

Procedure

Set controls as follows:

Voltage . 122
Bandwidth 1.5
Time Delay 30
Line Drop Compensation, R 0
Line Drop Compensation. X 0
Voltage Source External
Function Auto

1. Plug in variac and adjust its output to 115 volts. Be
ready to time the regulator from energization to op-
eration. Now energize the regulator. After the regu-
lator stops operating, record the time delay in Table
1. Also, record the regulator output voltage in Table
1.

2. Reset the variacto 127 volts. Then repeat the proce-
dure in Step 1.

3. Reset the regulator bandwidth to 5 volts. Reset the
variac to 123 volts. Repeat the procedure in Step 1.

4. Reset the variac to 131 volts. Repeat the procedure
in Step 1.

3

120 vaC
-
ﬁ 9]

VARIAC

- EXTERNAL
VvOLTAGE
CONNECTIONS

ek
‘9
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5. Reset the variac to 120 volts. Again repeat the pro-
cedure in Step 1.

6. Reset the regulator bandwidth to 1.5 volts. Set the
variac to 100 volts. Repeat the procedure in Step 1.

Questions
1. How important is the bandwidth setting to good vol-
tage regulation?

2. Can a voltage regulator correct any amount of vol-
tage error?

Table |
Time Actual
Incoming Voltage  Delay Time OQutput Voltage after
Voltage Bandwidth Control  Control Qelﬂ/ regulator operates
115 15 122 30
127 15 122 30
123 5.0 122 30
131 5.0 122 30 —_—
120 5.0 122 30 —_—
100 15 122 30 —_

Distribution Line
Capacitors
introduction, Lab Five

Distribution capacitors are used as local sources of
reactive power. This relieves power plants of having to
supply reactive power over long distances, thus reduc-
ing line losses.

Objectives

After completion of this lab, the student will under-
stand the effect of capacitors on the voltage levels of
distribution circuits.

Equipment

AC milliammeter

vVOM

“Model” distribution line
“Model” distribution capacitors
“Model” load

- N\) = i



Procedure

1. Connect the circuit shown:
~ SWITCHABLE LINE

DIST LINE~., CAPACITORS
MOEL TN son O et
This represents a distribution line serving a reactive VYNt YRS A
load 6VACT AMMETER T T fj O e : 0-10
) .|",°¢ 60 1 3™ VAC
u u .

2. Set the switches on both capacitor boards to “OFF”".
Connect the circuit to the 6 volt source. Read the
ammeter and the voltmeter and write down the
readings in the table below.

3. Turn on the capacitor labeled number 1. Schematic Diagram

4. Read the ammeter and voltmeter again and record
bothreadings. Did the currentincrease or decrease?

5. Turn on the other capacitor also.
6. Read the ammeter and the voltmeter again and re-

cord. Did the current increase or decrease? CW%EET g; R A—
& VA y

7. Disconnect the voltmeter from the load and measure
the source voltage. Is it higher or lower than the load

7
voltage? - BIST . UINE
LINE CAPACITOR CAPACITOR LoaD

LINE REACTIVE 0-10 vOLT

AC
VOLTMETER

Table |

CIRCUIT CURRENT LOAD

- - _VOLTAGE Pictorial Diagram

No capacitors
One capacitor
Two capacitors

Questions

1. Were the changes in current and voltage what you
expected when only one capacitor was turned on?

2. When the second capacitor was turned on the cur-
rent and voltage changed again. Did they change in
the way you expected?

3. Would you expect line losses to be higher or lower
with both capacitors on the line instead of with just

one?

4. With both capacitors on the line the source voltage
was (higher or lower) than the
load voltage.

Did you expect this? ___




80

Watthour Meters

Introduction, Lab Six

Watthour meters are ysed on power systems to
meter the flow of power and energy in a circuit. All
revenue billing is based on the amounts'of power and
energy recorded by these meters. Accuracy, then, is
very important in power system metering.

Objectives

Upon completion of this lab, the student will be able
to predict a watthour meter’s response to various types
of loads. Caution—This lab uses 120 volt AC in its
procedures.

Equipment List

1 Demo board
1 GE I-50-S Cat. #720X13G34 (2.5a, 120 volt, R =

1/3) meter
1 Line cord
1 300W Lamp
1 Capacitor 2uf NP
1 Inductor 80 millihenries

!

Demonstration Procedure

1. Make sure all switches on the demo board are in
their off position.

2. Apply power to the demo board by plugging it into
the 3 phase receptacle.

3. Turnon St and observe the speed of rotation of the
single phase meter disc.

4. Turn on Sz and observe the speed of rotation of the
single phase meter disc.

5. Turn off S+ and Sa.

6. Turnon S, and observe the speed of rotation of the
discs in the three phase meter.

7. Turnon S, and observe the speed of rotation of the
discs in the three phase meter.

8. Turn on S; and observe the speed of rotation of the
discs in the three phase meter.

9. Tun off §,, S;, and S...



Sti.ldent Procedure

Connect the light bulb to the load side of the meter as
shown:

120vac

WATTHOUR
METER

300
S waTT

Schematic Diagram

WATTHOUR

Plug in the power cord. Does the meter disc rotate?

Pictorial Diagram

120vac

1! waTTHOUR
£\ “METER

R ETE 48 MICROFARAD
b ‘I‘CAPACHOR

Unplug the power cord. Remove the light bulb and con-
nect the capacitor.

Schematic Diagram

48 MICROFARAD
CAPACITOR

WATTHOUR

Plug in the power cord. Does the meter disc rotate?

Pictprial Di‘agram
1~ 81
a4




Unplug the power cord. Remove the capacitor and con-
nect the inductor.

WATTHOUR
METER
BOMILLIHENRY
] INDUCTOR

Schematic Diagram

PiCTORIAL

Plug in the power cord. Does the meter disc rotate?

Questions
Pictorial Diagram

The light bulb consumes real power.
Can the watthour meter measure real power? ___

The capacitor consumes capacitive reactive power.

Can the watthour meter measture capacitive
power?

The inductor consumes inductive reactive power.
Can the watthour meter measure reactive power?




NOTES
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Distribution Substations

This unit of instruction deals with substations. It shows

the equipment used in them, explains its functions, and

shows how it is depicted on a one line diagram. Upon @llf&ffllb@&ll@@
completion of this program, you should know the pur-

pose of a substation, its essential and non-essential jUbj¢@¢||©@j

functions, and be able to read and draw a simple one
line diagram of a substation.

Power systems are built up of 3 main parts: generation,
which is the production of power; transrnission, which
moves power from the generating stations to the substa-
tions; and distribution, which delivers the power from the
substations to the customers.

Power Plant

The generating plants are usually close to the concen-
trated load (cities or industrial areas), so that large
amounts of power don't have to be transmitted long
distances.




\ j , v The transmission system is the part of the power system
: that moves large blocks of power from the generating

3 ; plants to the substations, from which it is distributed to
; the consumers.

- artoaen
[E——-

St The distribution system is generally considered to start

b ' at the substation, which is pictured on the left, and
extends to each customer, as shown on the right. As a
matter of practice, the voltage used on a distribution
system will usually range between 2,400 volts and
35,000 volts.

The purpose of a substation is to interconnect or link the
transmission system to the distribution system which
has individual loads.




A substation performs several functions to fulfill its pur-
pose as a link between the transmission system and the
distribution system. The functions which are essential in
providing this link are voltage change, disconnecting the
station from the transmission system and protecting the
station from the distribution system.

Let's look at voltage change first.

The main function of a substation is to change the
voltage level from that used on the transmission system
to the voltage level used for distribution. One or more
trancformers are used to accomplish this.

Three Essential Functions

1. Voltage Change
2. Disconnect Station

3. Protection From Distribution
System

1. Voitage Change

Voltage Change

Transmission
Voltage

Distribution
Voltage

Out

RO =2 AN

Example:
138KV To 7.2kV




The transformer is usually the largest piece of equip-
ment in a substation. In principle, it works exactly like
distribution transformers, but can handle much larger
amounts of power. This change in voltage level per-
formed by the transformer is an essential function of a
substation.

This is the symbol commonly used to represent a trans-
former.

AN

Y'Y Y

Symbol For
Transformer

Now let's look at disconnecting the substation from the
transmission system.

2. Disconnect
Station

) . . ;ﬁ';-
O 6 . ""3




The ability to disconnect the substation from the trans-
mission system is also an essential function of the sub- -
station. This is a typical switch used for this application.
If any work is necessary on the substation, then these

switches can be opened to de-energize the station while \k’

W

the work is being done.

)
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This is the symbol for a switch. This symbol is used for

many types of switches. The station disconnect switch
is one type.

The third essential function of a substation is to protect
itself from the distribution lines connected to it.

3. Protection from
Distribution System

The substation must be protected from a variety of
abnormal current conditions on the distribution lines.
Most of these conditions are short circuits on the line

called FAULTS or system overloads or equipment fai-
lures.

Distribution
System




If a problem occurs on a feeder from the station, we'd
like to disconnect that line from the substation before
station equipment is damaged. Since almost all faults
on a distribution system are temporary, or self-clearing,
it would save a lot of time, money and trouble if the

N disconnected line could be re-energized automatically
after the fault clears itself.

L8 somt. LETS YRy TG
s Awe 254,

The device commonly used to do this is the OIL CIRCUIT
RECLOSER. These are oil-filled devices that have their
contacts under oil, and also us= the oil for hydraulic
control. They are often called G . .3's. Nowadays, elec-
tronic controls and vacuum enclosed contacts are used
so the more general name of AUTOMATIC CIRCUIT RE-
CLOSER, or ACR, is coming into use.

The recloser can be set to give 2 or 3 chances for the
faulttoclear before it “locks out” the line. The line is then
off until the fault is manually cleared and the recloser
manually reset. Usually, each circuit leaving a substa-
tion will have its own recloser.

It Give You
2 MoRe Caances, Tugw
IT'S LieaTs ovr.




A recloser is a special kind of circuit breaker. The gen-
eral symbol for an oil type breaker of any type is shown.
“OCR" or “ACR” should be written near this to differen-
tiate it from other devices.

One-line diagrams are often used to show how equip-
ment in a substation is interconnected. On a one-line
diagram, a single line represents a complete circuit,
regardless of how many phases or conductors are actu-
ally used. Aone-line diagram of a substation having only
the three essential functions-disconnecting the station,
changing the voltage, and protecting the station from
the distribution system-would look like this.

Other functions of the substation are of secondary im-
portance, but are performed to improve reliability or
operational ease. These include voltage regulation,
metering, additional fault protection, voltage surge pro-
tection, and bypass switching.

Any Power System Breaker

0il Circuit Recloser

OCR

TRANSMISSION SYSTEM

/ Disconnect

%(‘CJ\ Change Voltage

[J Protect

OCR

DISTRIBUTION SYSTEM

Non-Essential Functions

1. Voltage Regulation
2.Metering
3. Additional Fault Protection
4.Voltage Surge Protection
5. Bypass Switching




1. Voltage
Regulation

Substation
Incoming
Time Voltage
S5am 124
6am 122
Tam 119
8am 115
9am 116
Voltage In Voltage Out
108 V 120V
114V 120V
120v 120 V
126 V 120V
132V 120V

Regulator

The first of these non-essential functions is voltage reg-
ulation.

Because the conductors used in transmission systems
are not perfect, there are losses associated with them.
Some of these losses show up as a voltage difference
between the generating plant and the substation. The
voltage at the substation is lower than at the generating
plant. This is called VOLTAGE DROP.

One way to correct voltage drop is to choose a substa-
tion transformer that gives a higher voltage on the dis-
tribution side than normal. Unfortunately, the voltage
drop varies from hour to hour. It varies with the amount
of load on the substation.

What is needed is a device that will automatically keep
the distribution voltage at a constant level. The voltage
regulation function is often, but not always, performed in
a distribution substation.

1:¢



In newer equipment, the regulator is often built as part of
the transformer, which saves money, but lacks some
flexibility. Older stations usually have the regulator
separate from the transformer.

The symbol used on a one line diagram for aregulator is
shown on the left. If the regulator is built into the trans-
former, the transformer symbol is changed to become
the one on the right. This right hand symbol includes
both the transformer and the regulator.

Both the energy and power flowing through a substation
are normally metered.

~ 2. Metering

>

11




There are several reasons for doing this. First, the sta-
tion equipment has a limit on how much power it can
safely handle.

By keeping track of load increases on the station over a
period of time, a power system planner can predict
when the equipment will be fully loaded. Then he can
plan when to upgrade the station.

’ODD,KW_H’V .
Demand Charge $2,295
1,350 KW

- Total Bill - $11,295

Secondly, the substation may be a point of wholesale
power delivery, and the energy and demand over a
given period (usually a month) are used to bill the
purchaser.

Since it would be too costly to build a meter capable of
carrying the hundreds of amps and thousands of volts
normally metered, two types of INSTRUMENT TRANS-
FORMERS are used to reduce the current and voltage to
low levels.




One of these instrument transformers is called the po-
tential transformer and is similar to the distribution trans-
former, in that the voltage it supplies is proportional to
the voltage applied to it. Since metering must be very
accurate for proper billing, potential transformers are
designed to give a very accurate voltage ratio.

The output or secondary of almost all potential trans-
formers or P.T.'s is 120 volts. The input or primary of the
potential transformer is designed for whatever voltage is
to be metered.

The current transformer is the device that senses the
current flowing in a conductor. It provides a much lower
current as output to the meter. The current transformer
is generally designed to provide 5 amps of current when
a full-load current is flowing in its primary.

The symbols for potential transformers and current
transformers are shown. Note that P.T. stands for “po-
tential transformer”, and C.T. stands for “current trans-
former”.

76§ KV
138. KV SIP.T. 120 \.Iolt;
: Output

277 Volts

Current To Be Measured
Flows Through

— b ———»

!

5 Amps Or Less To Meter
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It would be a good idea to protect the transmission
system from faults inside the substation.

3. Additional Fault
Protection

Most of these faults will be permanent faults, such as a
transformer winding shorting out, or a truck crashing
into the station. Since automatic resetting is not needed,
a simple fuse will do to disconnect the station from the
transmission system.

THiS POWER BUSINESS
VUST BURNS ML yP}

Tuis is a typical fuse used to protect the transmission
system from the substation.




This symbol is usually used to represent a fuse.

So far, we've looked at protection against too much
current. Too much voltage can be a problem too.

Lightning is the usual source of overvoltage. Surges
caused by switching operations are second on the list.

1

I__

_[

4. Voltage Surge

Protection

24

15
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ERIC

Aruitoxt provided by Eic:

Operating
Voltage
(Single Phase)

2,400
4,800

6,900
1,200
1,620

13,200
13,800
14.450

19,90¢

Standard Bil

Level

60 Kv
5KV

95 KV

125 KV

150 KV

In a normally operating system, there has to be a vol-
tage between the hot phase conductor and ground (in-
cluding a grounded neutral) so that current will flow
through a load when it is placed across this voltage
(between phase and ground). An insulator is made of
material that will not pass electric current, and is used to

keep the phase conductor electrically away from
ground.

Normally, the system is insulated to withstand steady
voltages much higher than the normal operat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>